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1 Introduction
Development of the industry connected with burnable gases and especially with the involvement of hydrogen as energy carrier causes growing interest to safety aspects of design and operation condition of such industry. In case of accident involving considerable amounts of hydrogen, combustion and explosion processes can lead to considerable damages. Very high hazard potential brings to light a need in careful consideration of a methodology of safety analysis applicable for such industry. 
2 Results from WP4
2.1 Scenarios

2.2 Phenomena

2.2.1 Ranking of phenomena (probability, consequences, …)

3 Classification of individual phenomena and models

3.1 Phenomena classes and individual phenomena
The phenomena classes identified:

· Gaseous leak
· Liquid leak
· Dispersion of gaseous cloud
· Ignition
· Gaseous combustion
· Spill combustion

3.1.1.1 Gaseous leak

3.1.1.1.1 Gaseous leak / flow through opening

Main parameters influencing …

· Internal pressure (Sonic/ Subsonic regime)
· Obstructions/Confinement

·  Ambient conditions

Models

· Hydrodynamics (compressible)

· Thermodynamic properties of real gases incl. EoS, transport coefficients

· Turbulence

· Heat transfer

3.1.1.2 Liquid leak

3.1.1.2.1 Liquid flow through opening

Liquid jet (squirt) through opening

· Internal pressure

· Ambient flow velocities

Models

· Two-phase hydrodynamics (incompressible) with free surfaces

· Thermodynamic properties of liquid H2 

· Evaporation (“boiling” inside the tank)

3.1.1.2.2 Evaporation of liquid flow

Liquid jet (squirt) through opening

· Internal pressure

· Ambient flow velocities

· Ambient temperature

· Additional turbulence

· Two-phase hydrodynamics (incompressible) with free surfaces

· Thermodynamic properties of liquid H2 and gases (H2, air, …)

· Gasification / condensation of H2

· Droplet dynamics (merging and splitting)

· Turbulence

· Heat transfer

3.1.1.3 Formation of a spill

Spill formation / evaporation

· Ambient flow velocities

· Ambient and ground temperature

· Confinement

· Gravity 

· Two-phase hydrodynamics (incompressible) with free surfaces

· Thermodynamic properties of liquid H2

· Evaporation / condensation ?

· Heat transfer

3.1.1.4 Dispersion of gaseous cloud

3.1.1.4.1 Jet formation / evolution

Jet formation / steady state / spoil

· Ambient flow velocities

· Confinement

· Obstruction

· Additional turbulence

· Hydrodynamics (compressible) 

· Thermodynamic properties of gases (H2, air, …), EoS

· Turbulence

· Heat transfer ?

3.1.1.4.2 Cloud formation

Cloud formation

· Ambient flow velocities

· Confinement

· Obstruction

· Additional turbulence

· Buoyancy

· Hydrodynamics (compressible) including body force such as gravity
· Thermodynamic properties of gases (H2, air, …)

· Turbulence 

· Heat transfer ?

3.1.1.5 Dispersion of cloud from spill

3.1.1.5.1 Spill evaporation

· Spill evaporation

· Ambient flow velocities

· Confinement

· Additional turbulence

· Two-phase hydrodynamics (in- and compressible) with free surface

· Thermodynamic properties of liquid H2 and gases (H2, air, …)

· Turbulence ?

· Evaporation / condensation

· Heat transfer

3.1.1.6 Ignition

3.1.1.6.1 Weak / Mild ignition

· Weak / Mild ignition (weak spark, ignitor, recombiner, …)

· Energy of source

· Initial conditions (T, P, concentration)

· Non-uniformities in initial conditions  ???

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Chemical kinetics / Combustion model including ignition model
· Turbulence ? Yes, as the initial conditions are important and turbulence can create non-uniform concentration field for example

· Heat transfer / Radiation ?

3.1.1.6.2 Strong ignition

· Strong ignition (strong spark, high explosive, …)

· Source energy

· Initial conditions (T, P, concentration)

· Non-uniformities in initial conditions

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Chemical kinetics / Combustion model including ignition model
· Turbulence ?

· Heat transfer / Radiation ?

3.1.1.6.3 Jet ignition

· Jet ignition

· …

· As gaseous jet +

· Chemical kinetics / Turbulent combustion model including ignition model
3.1.1.6.4 Ignition …

· Ignition in shock reflection / focusing

· Ignition from hot surfaces / hot particles

3.1.1.7 Gaseous combustion

3.1.1.7.1 Laminar flames

· Laminar flame

· Concentration

· Initial conditions (T, P)

· Non-uniformities

· Additional turbulence

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Chemical kinetics / Laminar combustion model including ignition model

· Heat transfer / Radiation ?

3.1.1.7.2 Flame acceleration / deceleration

FA / FD

· Concentration

· Characteristic length of cloud / volume

· Initial turbulence, initial flow velocity

· Initial conditions (T, P)

· Non-uniformities

· Confinement

· Obstruction

· Additional turbulence

· Heat transfer / Radiation

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Turbulence

· Chemical kinetics / Turbulent combustion model

· Heat transfer / Radiation

3.1.1.7.3 Turbulent deflagration

· Turbulent deflagration

· Concentration

· Non-uniformities

· Initial conditions (T, P, velocity)

· Initial and  additional turbulence

· Heat transfer / Radiation 

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Turbulence

· Chemical kinetics / Turbulent combustion model
· Heat transfer / Radiation

3.1.1.7.4 DDT

· DDT

· Concentration

· Characteristic length of cloud / volume

· Initial turbulence initial P,T, flow velocity

· Non-uniformities

· Confinement

· Obstruction

· Additional turbulence

· Heat transfer / Radiation

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Turbulence

· Chemical kinetics / Turbulent combustion model
· Heat transfer / Radiation ?

3.1.1.7.5 Detonation

· Detonation

· Non-uniformities
· Confinement

· Obstruction

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Chemical kinetics

3.1.1.7.6 Quenching

· Quenching

· Initial turbulence

· Initial conditions (P, T)
· Non-uniformities

· Additional turbulence

· Heat transfer / Radiation
· Concentration, 

· Confinement/Obstructions

· Hydrodynamics (compressible)

· Thermodynamic properties of gases (H2, air, …)

· Turbulence

· Chemical kinetics / Turbulent combustion model including quench model

· Heat transfer / Radiation

3.1.1.7.7 Standing flame

· Standing flame = gaseous leak / jet + Chemical interaction

· Fuel /oxidizer flow rate

· Additional turbulence

· Concentration

· Initial turbulence, P, T, flow velocity

· Confinement/Obstructions

· Hydrodynamics (compressible) 

· Thermodynamic properties of gases (H2, air, …)

· Turbulence

· Chemical kinetics

· Heat transfer / Radiation

3.1.1.8 Spill combustion

3.1.1.8.1 Fire

· Fire

· Ambient flow velocities

· Ambient and ground temperature

· Additional turbulence

· Hydrodynamics (compressible) 

· Thermodynamic properties of gases (H2, air, …)

· Turbulence

· Chemical kinetics

· Heat transfer / Radiation

3.2 Physical models 
Summary of the physical models listed in the previous sections (18 basic phenomena):

· Hydrodynamics (compressible)  (15) including body force, e.g., gravity

· Two-phase hydrodynamics (in- (4) and compressible) with free surface
· Thermodynamic properties of gases incl. EoS, transport coefficients, … (H2, air, …) (18)

· Thermodynamic properties of liquid H2 (4)

· Turbulence (13)
· Heat transfer (15)

· Radiation (9)

· Evaporation (boiling (2))/ condensation (4)

· Droplet dynamics incl. merging and splitting (1)

· Chemical kinetics (9)

· Combustion model incl. ignition model (3)

· Laminar combustion model (1)

· Turbulent combustion model (3)

· Turbulent combustion model incl. quench model (1).

Priorities in models’ development evaluated from the point of view of their relative importance for safety analysis and capability to predict consequences of possible accident:

· …

· …

3.2.1 Results of expert evaluation on physical model importance

3.3 Numerical models

4 Description of the capabilities of the codes of project partners

4.1 JRC (D. Baraldi, H. Wilkening). Description of REACFLOW

The code solves the reactive Reynolds Averaged Navier-Stokes (RANS) equations. Turbulence closure is by means of a standard k- model. The code employs a finite-volume scheme on an unstructured 3-D computational mesh. The mesh is composed of tetrahedral cells and the geometrical treatment is very similar to the one proposed by Nkonga and Guillard (1994). Variants of Roe`s (Roe, 1980) approximate Riemann Solver have been implemented in the code.

One unique features of the code is the adaptive automatic meshing both in time and space. The code is completely parallelised with load balancing  (Troyer at al., 2005).  
In the code there are two combustion models: an Arrhenius based model and an eddy-dissipation based model (Hjertager, 1993). The latter model is the one that has been employed for describing turbulent combustion. The model is described in the next paragraph.

Specific heats of each chemical component of the mixture are expressed as a polynomial approximation of the JANAF table. Ignition is simulated by decreasing the fuel concentration and increasing the temperature in a small region of the domain at the initial time-step of the calculation.  

In the paper by Wilkening and Huld, one can found a detailed description of REACFLOW. The paper is attached as an annex at the end of this document for convenience.

4.1.1 Description of the turbulent combustion model

The combustion model that is used for performing simulations of turbulent combustion is based on an Eddy Dissipation Concept (EDC) (Hjertager, 1993). In some combustion regimes such as laminar flame propagation and detonation, it is assumed that the combustion chemistry is not affected by the turbulence. In those conditions, the combustion chemical source is treated using the classical chemical kinetics, based on the Arrhenius`s law. 

The expression of the chemical reaction rate for turbulent combustion is given by:
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where w is the mean reaction rate, Ylim is the mass fraction of the chemical species which is present in least concentration, stoichiometrically weighted,  is the density, Die is a constant, typically Die=1000, and k and  are the turbulent kinetic energy and the dissipation rate of turbulent kinetic energy respectively. The turbulent timescale tu and the chemical time scale ch are described by the expressions:
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Ach, Bch and Ech being empirical constants that have been taken from Hjertager (1993). The Said-Borghi modification (Said and Borghi, 1988) has been implemented in the code so that the value of cf is given by:
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where cf0  is an empirical constant which must be found by validation calculations of experiments and Slam is the laminar burning velocity. 
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4.2 CEA (H. Paillere). Description of CAST3M Code for H2 Dispersion and Combustion Modelling: Numerical methods
In the HYSAFE project, CEA is using various codes to model hydrogen dispersion/distribution and combustion. These include Lumped-Parameter, system and CFD-type codes, the main tool being the CAST3M code [1,4,7,20] developed at CEA. CAST3M is a general Finite Element/Finite Volume code for structural and fluid mechanics and heat transfer. The following paragraphs describe the numerical methods that have been developed in this code for hydrogen dispersion/distribution and combustion.

The CAST3M code is used to model both hydrogen dispersion and combustion – phenomena which cover a very wide range of flow regimes, from nearly incompressible flow to compressible flow with shock waves. When faced with the challenge of simulating this wide range of flows, one is faced with the option of developing for each type of flow the most appropriate (i.e. accurate and efficient) numerical method – or developing a single method suitable for all flow regimes. 

As far as we know, at present, there isn’t any single numerical method able to treat accurately and efficiently flow regimes which range from slowly evolving nearly incompressible buoyant flow to fast transient supersonic flow. The HMS/GASFLOW code for instance, developed at Los Alamos [2] and further improved at FZK [3], is based on the ICE method, can deal with both distribution and combustion. However, in practice, for combustion simulation, the use of shock-capturing methods is preferred. In the hydrogen risk analysis tools CEA is developing, the choice was made to develop in the same computational platform, the CAST3M code, state-of-the-art numerical methods:

· For distribution calculations, an efficient pressure-based solver using a semi-implicit incremental projection algorithm which allows the use of “large” time steps;

· For combustion calculations, a robust and accurate density-based solver using a shock-capturing conservative method.

4.2.1 Numerical methods for hydrogen distribution

4.2.1.1 Asymptotic low Mach number models

During an accident scenario involving the release of hydrogen in confined or open atmospheres, strong buoyancy effects will occur due to the large difference in density between hydrogen and the surrounding air. However, the flow velocities remain small compared to the sound speed, i.e the Mach numbers are small, characterizing the stiff nature of the compressible Euler or Navier-Stokes equations in these conditions. Numerical solvers based on these equations tend to exhibit both a loss of accuracy and efficiency [12,16-19]. An alternative to solving the ill-conditioned hyperbolic compressible flow equations at low Mach number is to rely on an asymptotic approximation of the Navier-Stokes equations in the limit of small Mach numbers. This approach, followed by Paolucci [13] among others, leads to elliptic models in which the acoustic waves have been filtered out. There are a certain number of advantages to be gained from filtering the sound waves when they are of little importance, among them the fact that in explicit schemes, the time-step is governed by the convection speed (the flow velocity) and not by the acoustic wave speeds. Furthermore, existing incompressible flow solvers such as projection algorithms may be readily extended to these asymptotic models.

4.2.1.2 Spatial and time discretizations

The spatial discretization of the equations is obtained by a Finite Element method using in 2D bilinear Q1-P0 elements or quadratic Q2-P1 non-conforming elements (which provide 2nd order accuracy for spatial gradients or fluxes of flow variables – and thus very good accuracy for viscous flow mixing), for the velocity and the different mass fractions, with a constant pressure on each element. The convective terms are discretized using a Streamline Upwind Petrov Galerkin method with Discontinuity-Capturing terms (SUPG-DC), as proposed by Hughes et al. [10]. A macro-element technique has been implemented to locally stabilize the Q1-P0 elements [11]. The time discretization is obtained by an incremental semi-implicit second order (using a backward difference formula) projection method [8,9,21]. Iterative methods with preconditioned conjugate gradient methods are used to solve the different linear systems.

4.2.1.3 Unstructured meshes

By construction, Finite Element methods can be used with both structured and unstructured meshes. In practice, hexahedral meshes are used for 3D grids as much as possible.

4.2.2 Numerical methods for hydrogen combustion

4.2.2.1 Compressible Euler and Navier-Stokes equations

The equations governing compressible reactive flow are the multi-component Navier-Stokes equations. In the case of very fast flames and detonations, shock propagation becomes dominant over heat conduction and species diffusion as the mechanism for sustaining flames. In this case, viscous effects may be neglected, and the governing equations reduce to the Euler equations. Thermally perfect gas assumptions are valid for hydrogen combustion problems, but the temperature dependence of the species heat capacities (ideal gas assumption) has to be taken into account.

4.2.2.2 Density-based Shock-capturing schemes

Ever since the pioneering work of S.K. Godunov, there has been a lot of research work aimed at developing accurate, inexpensive and robust shock-capturing schemes. In the early 80s, two types of methods were pursued, “Flux Vector Splitting” methods such as the van Leer FVS scheme, and approximate Riemann or “Flux Difference Splitting” methods of which the Roe solver is one of the better known. Extension to multi-component and real gases followed until the late 90s. Contributions to this topic in the particular case of ideal gases with temperature-dependent heat capacities were made by some of the authors, including the investigation and further development of Approximate Riemann solvers, Flux Vector splitting and hybdrid (AUSM and HUS) schemes [6,15]. 

4.2.2.3 Unstructured Finite Volume schemes

Cell-centered Finite Volume schemes lend themselves quite easily to the use of unstructured meshes, at least as far as the discretization of the convective fluxes is concerned. Indeed, flux balance residuals may be constructed easily for each cell by looping over the (arbitrary) number of faces of the cell. At each face, a one-dimensional Riemann solver is solved to approximate the flux at the interface. Extension to 2nd order spatial accuracy may be achieved on unstructured grids using a generalized MUSCL type approach [5].

The evaluation of the diffusive fluxes is not straightforward, unlike in the cell-vertex Finite Element framework. Here, we have chosen to approximate the gradients at each interface using a linear exact version of Noh’s “diamond” method.

4.2.2.4 Explicit and implicit time-integration

Explicit and implicit time-integration schemes have been developed to deal respectively with fast and slow flame propagation. In the latter case, both backward Euler and backward differencing formula (BDF2, 2nd order in time) have been implemented in a Newton Krylov strategy. 

4.2.3 R&D work on numerical method for all flow regimes

In this section, we will describe the on-going work aimed at developing an efficient numerical method for both distribution and combustion calculations. As mentioned previously, the asymptotic model is valid over a range of Mach numbers M<Mlim where Mlim is typically about 0.3 [12]. On the other hand, compressible flow solvers may be modified through the use of “preconditioning” techniques to remain accurate over a wide range of Mach numbers, including very small Mach numbers.

4.2.3.1 Low Mach number preconditioning

At low Mach numbers, compressible solvers become inaccurate and inefficient. The loss of accuracy can be traced to the erroneous behavior of the characteristic-based dissipation of upwind differencing schemes, i.e. the numerical dissipation scales with the speed of sound whereas dissipation based on the (much smaller) convection speed would be required. In terms of efficiency, explicit schemes suffer from a severe constraint on the time step due to the disparity between sound speed and flow velocity, whereas implicit schemes lead to ill-conditioned (for the same reason) Jacobian matrices.

The former problem can be removed by modifying the numerical dissipation of the schemes through the use of a so-called “preconditioning” matrix, and we refer to the work of Turkel, van Leer and others [16,17] for details on this topic. The problem of efficiency can be similarly dealt with a preconditioned dual-time step strategy [18].

We have implemented both Turkel-type preconditioning for Flux Difference splitting schemes and a low Mach number version of the AUSM+ scheme [19] based on similar concepts.

4.2.3.2 Free matrix methods

One of the drawbacks of the implicit solution of the compressible Navier-Stokes equations is the memory requirement to store the Jacobian matrices. For three-dimensional calculations, this can be a limiting factor. So-called “free matrix” methods aim precisely at reducing the memory overhead by simplifying the resolution of the system. Typically, Jacobian matrices corresponding to the convective and diffusive fluxes are not stored, and only matrix-vector products are computed. It is also hoped that by simplifying the resolution, gains in CPU can also be achieved. A PhD work is on-going on this particular topic [22], and preliminary results are promising.

	


4.2.3.3 A Benchmark test case

In this test case, which was the object of an international benchmark of CFD codes [14], the steady state laminar flow of air in a differentially heated square cavity subjected to “large” temperature differences had to be computed, for different Rayleigh number ranging from 102 to 107, and with either constant or temperature-dependent (Sutherland’s law) fluid properties. The usual Boussinesq assumption is not valid for large temperature variations (here represented by the non-dimensional number ( = 2(T/<T> = 0.6), and a compressible formulation or a low Mach number model is required. About twenty CFD groups worldwide participated to the benchmark – including commercial CFD vendors FLUENT and NUMECA, using various formulations and numerical schemes which can be cast in two categories: asymptotic models and compressible formulations with low Mach number preconditioning. 

The benchmark was organized as follows: in a first step, “blind” calculations were performed based solely on the specifications provided to the participants. The results were then checked on a code-to-code basis, and with respect to some basic physical criteria such as mass conservation and energy balance (at steady state, the left and right heat fluxes or Nusselt numbers must be equal). Quite surprisingly, in this phase, over 70% of the participants provided erroneous results, with mass conservation errors. These could be traced to the fact that convergence to steady state was achieved in many cases without converging the inner iterations.  To enforce mass conservation, either internal iterations have to be converged (driving the CPU time considerably), or imposed “artificially” at each iteration. New calculations were then made paying particular attention to mass and energy balance issues. 
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4.3 UU() Description of FLUENT 
4.4 GexCon ( O. R. Hansen, I. Storvik) . Description of FLACS and physical models
4.4.1 INTRODUCTION

As a part of the WP6 work partners are supposed to describe our simulation models and also discuss need for special sub-models and precision. This technical note gives a description of the FLACS models. According to the plans, GexCon has particular responsibility for describing porosity modeling. Thereafter different phenomena will be discussed, with focus on assumed need for precision and information about how these are or will be handled by FLACS. 

4.4.2 BRIEF DESCRIPTION OF FLACS

FLACS is a CFD (computational fluid dynamics) code solving the compressible Navier-Stokes equations on a 3D Cartesian grid. It was developed in-house at GexCon (previously GexCon was a part of Christian Michelsen Institute and later Christian Michelsen Research). In 2004 FLACS was used commercially in 25-30 offices around the world in addition to around 10 universities. In addition to this, partners in the DESC development team (Dust Explosion Simulation Code) used a dust explosion tool based on FLACS technology.

FLACS uses an implicit method extended to handle compressible flows (the so-called SIMPLE algorithm by Patankar). Second order schemes (Kappa schemes with weighting between 2nd order upwind and 2nd order difference, delimiters for some equations) are used to solve the conservation equations for mass, impulse, enthalpy, turbulence and species/combustion. The following conservation equations are solved: (These relations are copied from the theory chapter of the FLACS users manual).

Table 1
FLACS equations
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A distributed porosity concept is applied, the ( in the equations above means porosity (opposite of blockage). FLACS can therefore be used to simulate all kinds of complicated geometries using a Cartesian grid. Large objects and walls will be represented on-grid, smaller objects will be represented sub-grid. Sub-grid objects will contribute with flow resistance, turbulence generation and flame folding (explosions) in the simulation. A better description of the porosity concept will be given in the next chapter.

FLACS uses a standard k- model for turbulence. Some modifications are however implemented. These are e.g.

· Model for generation of turbulence behind sub-grid objects 

· Model for build-up of proper turbulence behind objects of a particular size for which the discretization produce too little turbulence 

· Turbulent wall functions

· Buoyancy generated turbulence

· Initial turbulence / inflow field calculated from Pasquill class

Flame propagation is estimated by product concentration, a so-called beta flame model solves a linear differential equation to control the flame thickness (3-5 grid cells). A number of correction models are made to compensate for weaknesses due to flame thickness, e.g.

· Initial stages must be estimated (before 3 control volume flame thickness is reached)

· Correction for flames with high curvature

· Combustion towards walls

· Flame folding behind sub-grid objects

These models ensure good results for a range of grid resolutions.

For each of the gases defined in FLACS (mainly hydrocarbon gases, CO, H2S and hydrogen), we have a defined laminar burning velocity curve as function of concentration with air. If more than one gas has been defined, curves are interpolated to obtain the good relation for the actual mixture. Reactivity and flammability limits are then adjusted for amount of inert gas, temperature, pressure and oxygen concentration in the atmosphere.

Laminar flames will wrinkle due to instabilities, for hydrogen the laminar flame speeds are increased by a factor up to 3.5 with distance due to wrinkling. More wrinkling is assumed for lean hydrogen flames than for rich due to Lewis number effects. Once the turbulence reaches a certain level, faster turbulent flames will develop. The turbulent flame speed in FLACS is based on a relation by Bray and modifications of this, assuming turbulent flame speed to be a function of the laminar flame speed, the turbulence fluctuations and the turbulent length scale. With very strong turbulence compared to length scale, we have a relation limiting the reaction rate (Karlowitz “quench” criterion). Models for the effect of water deluge also exist.

A chemical equilibrium model is used to estimate the composition of the combustion products. This will be H2O and CO2, but also increasing amounts of H2, CO and OH for rich concentrations and high temperatures. Heat is added due to combustion, heat capacities for different gases depend strongly on temperature.

More details on implemented models will be discussed when writing about the physical phenomena in a later chapter.

4.4.3 DISTRIBUTED POROSITY CONCEPT

From 1980 the FLACS software was developed with primary goal to handle gas explosions in the offshore oil and gas industry. Offshore platforms in the North Sea were large installations 100m x 100m with several decks. Due to limited space they were typically packed densely with equipment and instruments. To prevent workers from winter storms and unpleasant weather, the platforms were also often built with a lot of confinement. In Figure 1 an explosion simulation in an offshore oil platform in the North-Sea is shown. FPSOs built these days are even more extreme in the amount of equipment and size, some of the models used in the GexCon consulting activity may contain of the order 400.000 objects. In Figure 2 pictures from Urban 2000 simulation activity with FLACS illustrates advantages with the concept also for atmospheric dispersion applications.

At that time the FLACS development started the computer performance was very limited, and the success of FLACS depended on the ability to represent geometry and the effect this had on the explosion consequences as efficient as possible. A distributed porosity concept was found to be the best solution, in which large objects are represented as on-grid objects filling whole control volumes or volume faces, whereas smaller objects have a sub-grid representation. In Figure 3 this concept is illustrated. The geometry is defined as correct as possible (top), a regular block-structured grid is defined (center), thereafter the porosity program is started to map geometry onto the grid (lower picture).

[image: image6.png]



[image: image7.png]Above

1

14

12

12

1

10

0w

s

o1

s

s

0

0

0





Figure 1
Offshore platform geometries may contain 100.000s of objects that will all influence the explosion risk. The pictures shows flame and pressure from an explosion calculation on a North-Sea oil platform.
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Figure 2
As the demand for accuracy also has evolved within gas dispersion, the porosity concept shows its strength in this area. Pictures from recent simulations of gas dispersion in urban areas (Manhattan, New York, MSG-05) are shown. In the upper picture flow vectors and gas concentration is shown (wind fields in the two illustration pictures may deviate), in the centre the full lower Manhattan geometry is shown, and in the lower picture the area around Madison Square Garden is shown. The geometry database from Vexcel Corporation has been made available for use in the DHS funded MSG05 tests through US EPA.
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Figure 3
Illustration of porosity concept; on top the FLACS model of an offshore explosion test geometry (2600m3 full-scale rig at Advantica test site, Spadaadam, UK) is shown. In the middle a regular block structured grid has been defined through the geometry. The lower picture shows the porosity patterns with the large objects blocking control volumes and surfaces 100%, whereas the smaller objects are represented through smaller blockages.

For the partly blocked surfaces or volumes, the porosity is defined as the fraction of the area/volume that is available for fluid flow. The resulting porosity model is used to calculate the flow resistance terms, the turbulence source terms from small objects, and the flame speed enhancement due to flame folding in the sub-grid wake. The flame folding parameter is very important for explosion calculations, but irrelevant for pure dispersion calculations. There are several problems that had to be resolved when the porosity methodology was developed.  For example, it is desired that the porosity calculations should be automatic within the code, and should not overly influence the results when the grids are translated or their size and shape are changed.  It is necessary that closed surfaces or corners should remain closed with different assumed grids, and openings in walls should not depend on the assumed grid. Sub-grid objects (with sizes less than the grid size) must be handled differently than on-grid objects (with sizes greater than the grid size), and special care is needed if more than one sub-grid object is within the same CV. In FLACS, different drag coefficients are used for cylindrical and rectangular sub-grid objects, and significant drag and turbulence are generated only behind an object, and not along an object that partly blocks a CV. To handle all of these conditions within the porosity algorithm in FLACS, ten coefficients are calculated for each control volume. 

For the flow scenarios an important consideration is the drag formulation from the partly porous objects and the modeled turbulence production behind objects classified as sub-grid. For the smallest objects, the flow kinetic energy lost due to the drag is directly added as a production term for turbulent energy. With increased size of the sub-grid object relative to the grid size, the sub-grid turbulence production is gradually decreased. Objects with a dimension of 1.5-2.0 CVs (where the exact limit depends on position on grid) in both cross-flow directions are defined to be on-grid objects.  For these objects, there is no sub-grid turbulence production, since the shear layers handle the turbulent production. 

When developing a distributed porosity concept there exist no perfect solution. A solution that will seem good for one type of objects distributed in one particular way, may not work so well for another set of obstructions. Several pitfalls and challenges exist, the necessary approach is however:

· A proper representation of the geometry must be defined in terms of a porosity pattern.

· The porosity pattern must influence the conservation equations to maintain conservation, avoid violating laws of physics, contribute with optimal source terms for e.g. drag, turbulence, flame interaction and more.

Some examples of challenges we have had include:

· Which control volume faces should an object be represented on?

· How to handle more than one object in each cell?

· Limits with almost closed volumes requires special considerations

· Will a number of small objects give same representation as one larger object with same shape?

· Grid translation independency

· Grid size/shape dependency

· Orthogonal versus diagonal flow (cylinders and rectangular boxes)

· Calculation time (each object must consider all 100.000 other objects to check if they are in the same grid cell)

· How to represent openings in walls properly?

· How to make sure that small objects get represented with sub-grid terms, but larger not, without introducing grid dependency?

· How to differ between cylinders and boxes in drag formulation, sub-grid objects in one volume may consist of both types at the same time?

· How to avoid turbulence generation along smooth surfaces if objects are sub-grid

· When two walls meet in a corner, no flow should go through the closed corner. How can this be ensured even if the grid is not aligned to the walls? 

One advantage when implementing porosity method in FLACS is that a block-structured Cartesian grid is applied. This very much simplifies the development of the methods since the variations in grid shape and size is limited and it is possible to perform testing of concept and select constants to have a wide validity. If a curvilinear grid, tetrahedral grid or unstructured grid or similar was chosen, the challenges will be much larger as the options on grid shape and size are many. With the geometries shown in Figure 1 and 2 it will be very challenging (impossible) to resolve the geometries on-grid so that some kind of sub-grid method (or ignoring geometry) will be needed. With FLACS it was decided to take the step into more general grids (curvilinear) around 1995, but the decision was after some time reversed. One of the major hurdles when doing so was the need to transfer the sub-grid models into the new grid system, and this turned out to be difficult.

4.4.4 PHENOMENA, NEEDS FOR MODELS AND VALIDATION

In connection to work in WP6 partners have been asked to discuss different phenomena, how these are or can be modeled in each partners software, and also provide some information about validation in the area for the software discussed. The different phenomena will be discussed in the following.

4.4.4.1 Gaseous leak / jet and cloud formation

In FLACS a gaseous leak is normally represented by introducing the expanded jet (to ambient pressure and sub-sonic velocities) as inflow condition on one or more control volume surfaces. To calculate the expanded jet conditions a utility program is used, that reads the leak conditions (sonic or subsonic pressure) and calculates proper parameters for FLACS assuming that the gas goes through shocks on the way from the reservoir after expanding through the nozzle. This utility program will take into account reservoir volume, temperature and pressure, diameter of nozzle and more. In FLACS pure gas (hydrogen), gas diluted in air, or mixture of gases can be released. A DIFFUSE leak option has also been defined in case the release is very small and is not expected to influence the flow in the grid cell where it is released. This option may not be too relevant for flammable gas releases, but is useful for tracer releases with toxic gases.

Grid resolution guidelines exist for resolving the jet area. Testing has shown that it is critical to have a good grid resolution outside the jet in order to predict reasonable gas concentrations. If a too low grid resolution is applied in the leak cell, the gas concentration is immediately artificially reduced when mixed with the air in the control volume where it leaks. If the diameter of the leak is e.g. only half of the grid cell dimension, it may be difficult to obtain gas concentrations above 25% downstream of the leak (with a diameter of 1/3 of cell dimension maximum concentrations in jet may similarly end up at 10%).

FLACS is using the compressible Navier-Stokes equations simulating leak scenarios. Turbulence parameters for the jet will be defined (length scale and relative turbulence). These parameters will normally be of less importance than the turbulence generated by the shear layers in the jet. It was seen in recent SBEP exercises that some modelers reduced the velocity of the jet to compensate for too large grid cells. This will give the right amount of gas introduced, but will give far too low mixing as the length of the jet and the turbulence will be wrong.

With regard to thermodynamic properties these are as mentioned handled by utility program used defining the inflow condition. FLACS heat capacities for each gas are a function of temperature. For small variations from ambient temperature and limited leak rates, the simulation result will not depend too much on the correct definition of release temperature. For larger leaks at very low or very high temperature, this becomes more important. 

Temperature effects can also be included. Hot or cold objects can be defined in the simulation, these will contribute with heat to the gas or act as heat sinks.

A significant validation of jet releases in FLACS exists. Most of this has been in connection to natural gas releases, but in recent years more work on atmospheric releases of other gases in urban areas has been carried out. Recently some tests with hydrogen have also been simulated. Examples of the activity is listed below:

· Gas releases in GexCon 50m3 test rig (semi-confined, natural or controlled wind, deluge)

· Gas releases in Advantica 2600 m3 rig (Phase 3B project, semi-confined, natural ventilation)

· SMEDIS 5-10 scenarios (dense gas dispersion validation project)

· Kit Fox CO2 releases (52 tests)

· MUST propylene tracer gas releases (43 tests)

· Prairie Grass SO2 tracer releases (37 tests)

· GexCon small-scale hydrogen tests (low/high momentum)

· Russian test SBEP

· Current activity on Manhattan tracer simulations (Figure 2)

In Figure 4 and 5 examples of the validation simulations are shown.
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Figure 4
Examples of dispersion validation tests with FLACS-HYDROGEN. To the left one of the low momentum release scenarios in the GexCon dispersion rig is shown, to the right some comparison curves from GexCon dispersion rig are shown (not the same test as shown to the left.)
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Figure 5
Examples of validation tests with FLACS-DISPERSION. Phase 3B project in Advantica full-scale rig. Plots showing predicted gas concentration in one experiment at two different times (upper), and point by point comparisons of gas concentration at ignition (middle). In lower plot the predicted flammable gas volume in each of the 20 experiments is compared with observed estimated flammable volume.

4.4.4.2 Liquid jet through opening

Models to represent this are not available in the commercial version of FLACS. There is however a utility program, flash, that will calculate the flash fraction from a liquid jet. This can be used to set up gas release rate source terms for e.g. liquid propane leaks. Currently hydrogen is not among the gases handled by this utility program.

A research version of FLACS has models for droplet motion, 5 particle size classes, evaporation, condensation, break-up, settling and more. This model has not been developed to a status that we consider it mature for the commercial version of FLACS and so far only sponsors of the development has access to this. In this model framework an Euler-representation of the droplets has been modeled. Hydrogen is so far not among the liquids being simulated, but the way it has been modeled it should also be possible to model hydrogen.
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Figure 6
Example of liquid jet (water, no evaporation) in research version of FLACS. Picture to the left shows liquid fraction in simulation, picture to the right shows how liquid jet influences gas flow. Initially a rectangular gas cloud (red) was located centrally (from X=3-7m and Z=3-7m)

To represent such a scenario with the commercial version of FLACS today there are a couple of options. In both cases one will have to estimate the release rate from flashing (define jet with flash fraction from jet and mix in air in the jet to get reasonable momentum from liquid jet). For the pool evaporation two alternatives exist. One can assume a certain pool size and evaporation rate, and then define a transient release rate from the pool area with cold gas (for instance of the order the boiling point). The other alternative is to use a new pool evaporation model which requires defined an amount of liquid gas, then semi-empirical source terms for evaporation are defined depending on wind, pool size, type of ground, solar influx and more. This model is currently available for LNG, however, it is planned to define proper parameters (liquid enthalpy etc.) for hydrogen so this can also be simulated with the model.
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Figure 7
Existing LNG-pool evaporation model in FLACS (top), flammable gas is shown. The pool evaporation models will soon be modified to include LH2 evaporation. A new R&D project will further improve the pool evaporation source terms. In the lower picture a simulation of NASA 6 LH2 test (E-SBEP) is shown, here constant gas dispersion rate with hydrogen at its boiling point has been assumed (be aware there may be small errors in the elevation of the pool). Gas concentration and wind velocities are shown.

A R&D project is started these days with the aim to develop and validate more realistic source terms for LNG-pools, these will likely also be valid for LH2 releases. The plan is to model the most important aspects of the releases, like pool spread and evaporation based on local temperatures, vapour pressure, heat from soil and wind.

As with the rest of FLACS, these models can take into account geometry like obstructions, confinement and more. Once the source terms have been defined properly we assume the gas distribution will be handled similarly well as discussed in the previous section with gas leaks.
4.4.4.3 Ignition sources and deflagration simulations

The resulting gas cloud from a FLACS dispersion calculation can be ignited and exploded. Normally it will be beneficial to transfer the dispersion simulation output to a new grid before igniting. The reason for this is that the guidelines on grid definition and time step selection is different for explosions and dispersion. The main differences are that longer time steps are considered acceptable when doing dispersion calculations. It is also accepted (and recommended) with non-cubical grid cells when simulating dispersion. For explosion simulations all grid cells inside important near-field of explosion are supposed to be cubical for lowest possible grid dependency in results.

Any gas concentration within the flammability limits may be ignited. Only weak ignition sources can be defined with FLACS. However, it is possible to define a larger area for the ignition region, and thus strengthen the ignition source. A jet ignition can be defined e.g. by simulating the flame shooting out of an ignition chamber.

It is planned to start work to develop models for DDT and detonation. In this work it may be relevant to include model for strong ignition source (directly initiating detonation).

From the work with natural gas experiments have shown that ignition energy is generally not so important for deflagration overpressures. Main effect of a stronger ignition source (less than direct detonation limit) is that the flames starts faster and time of arrival of pressure peaks is sooner. The maximum pressures will in most realistic situations not get influenced. It is expected that the same will be the case for hydrogen.

In FLACS deflagration calculations a flame speed for a given gas concentration is found from a gas burning velocity library, if more than one gas has been mixed, the properties will be interpolated. Corrections for temperature and pressure is done, flame wrinkling is assumed based on concentration and distance from ignition. Different relations for turbulent flame speeds are calculated and applied if estimated turbulent flame speed is higher than laminar flame speed. With very high turbulence, a quenching criteria exist (Ka > 1). Instead of quenching, the turbulent flame speed is assumed to level out. This will in some situations with high turbulence result in too high flame speeds (normally conservative).

Deflagration calculations have been the primary target for FLACS since the beginning in 1980, and a substantial amount of validation exist. 1994 a validation report was written in which simulations of more than 100 different scenarios was reported, however, mainly simulating natural gas, methane and propane. In Figure 8 a chart is shown that was first time plotted in the report from 1994 (the one shown in Figure 8 has been updated to include some full-scale tests performed 1995).

GexCon (previously CMI and CMR) have carried out more than 1000s deflagration experiments through the 1980s and 1990s to learn about flame acceleration in more or less realistic situations. In addition to this, GexCon has got access to numerous experients from other important research institutions through cooperation and sponsors of the FLACS development.
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Figure 8
Validation of FLACS for deflagrations, plot from 1997 [most of the plot was generated in 1994] showing some of the validation performed for deflagrations in natural gas and methane [geometries from upper left are BFETS full-scale rig, GexCon M24 rig, GexCon 3D-corner, Advantica/BG 180m3 box, Shell Solvex rig and MERGE geometry].

Examples of tests simulated in the early years of validation include:

British Gas 180m3 box 


· five geometries (congestion/vent)

· waterspray (nozzles/pressure)

· gas concentration natural gas

Shell SOLVEX (2.5m3, 550m3)

· two scales, four congestion levels


· methane, propane, ethylene (small)

CMR 3D-corner (27m3)

· different geometries (VBR 0.1-0.5)

· methane and propane

MERGE (TNO and British Gas 1m3-250m3)

· three scales, VBR from 0.05 to 0.20

· various gas mixtures, oxygen addition

· initial turbulence

CMR M24 module 50m3
· different congestion levels

· ignition location

· methane, propane, gas concentration

· vent configurations

· water spray (nozzles, location)

· initial turbulence

· combined ventilation/dispersion/explosion

BG BFETS/HSE full scale tests (1600-2700m3)

· congestion level

· vent configuration / confinement

· water spray

· ignition location

· gas concentrations

For hydrogen less experiments have been available and performance have been less validated. Through the last 5 years more effort have been put into hydrogen validation of FLACS. A dedicated R&D project supported by Norsk Hydro and Statoil, with additional support from IHI, have generated a significant amount of valuable small-scale data to be used for FLACS-HYDROGEN validation. As a part of this project validation simulations have been carried out for a number of test cases and if the SBEP-simulations are included FLACS-HYDROGEN has been validated against the following tests:

FLACS-HYDROGEN validation

· Fh-ICT 20m diameter balloon test 

· GexCon 1.4m channel tests (ca 50 tests), variation in ignition position, congestion, gas mixtures and concentrations

· GexCon 3D-corner tests (ca 50 tests), variation in congestion, ignition position, gas concentration and gas mixture with other gases

· Sandia 30m FLAME facility (ca 25 tests), variation in gas concentration, congestion and venting.
· And more ...
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Figure 9
Illustration of tests used for validation of FLACS-HYDROGEN deflagration models. GexCon 1.4m channel, GexCon 3D-corner, FLAME-facility channel and Fh-ICT balloon test.

In general predictions are good, in most cases predicted overpressures are well within a factor of two (often deviating less than 30% from experiment). However, some situations are still seen with more than a factor of 2 deviation in pressure. The simulated tests include a wide variety of scenarios.

Normally in deflagration calculations we do not include models for heat loss as explosions are very quick and the heat loss in the few milliseconds around the pressure peak is limited. For confined explosions at small-scale it may be necessary to include heat loss, as the surface area absorbing heat is large relative to flame volume, and also because duration of overpressure is longer. In FLACS there exist models for radiation heat loss as well as convective heat loss. The radiation heat loss are in most cases the most significant contributor to heat loss. Model for phase change through condensation of water is not included. Again it is expected that this may be important in some situations of small-scale with high degree of confinement.

4.4.4.4 Detonation simulations

FLACS is not capable of simulating DDT and detonations. Work is initiated to be able to predict DDT and simulate detonations.  In Figure 10 simulations pressure curves are shown with and without (very preliminary) model for DDT. Two models have been tested so far

· Model to detect conditions for DDT and accelerate flames

· Model to maintain detonation flames

The testing so far has indicated potential for the modelling, however, there is a long way to go to develop a model that will work well for all kind of geometries, gas concentrations and gas mixtures. 
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Figure 10
Model for DDT and detonation is being worked with in FLACS. In the Figure some pressure curves are shown with DDT-detonation models (job 900002) and without such models (job 100002). Simulations are performed in a detonation tube with obstructions.

4.4.4.5 Fire calculations

In principle it will be possible to simulate fires with FLACS. If a jet is ignited the flame will burn at the location where turbulence, concentration with air and flow velocities allows for that. Some essential models are however missing or would need improvement. These are


Radiation model

· Two heat loss model exists. Even if these are giving a good estimate for the heat loss, they are not transporting the radiation heat anywhere (Sandia model) or not properly (6-flux model). Improvement of this would be needed to produce reasonable results.

Soot model

· This is not so relevant for hydrogen fires as no soot will be generated

Interaction with wall and surfaces 

· Must be included together with improvements in radiation model

Pool model must be improved to allow pool fire

· Will also depend on proper radiation

No validation exist for this application. In principle there is no reason why fair results should not be achieved when the discussed models are improved.

4.4.4.6 Mitigation

For mitigation different models are implemented in FLACS.

Panel (with inertia) that open with explosion pressure or impulse

Dilution with inert gas (nitrogen and CO2)

Water deluge (100s of tests available with natural gas, nothing with hydrogen)

Closing valves (detection of flame closes valve)

Ventilation fans

One can also simulate the heat sink effects, water mist inerting and powder/water suppression (not sure that effect will be good), but some more modeling work and validation may be needed for good results.

These aspects will be covered better in WP12.
4.5 TNO (A.C. van den Berg, N.J. Robertson, C.M. Maslin). Description of AutoReaGasTM. For gas explosion and blast analyses.
4.5.1 Introduction

For the assessment of blast effects at large distances from gas explosions, blast source characteristics are relatively insignificant.  Therefore, the modelling of far field blast effects by making use of blast charts, on the basis of TNT-equivalency or Multi-Energy (CCPS, 1994 and Yellow Book, 1997), can be reasonably successful.

Pressure and blast effects within a gas explosion or in its direct vicinity, on the other hand, are largely determined by the source characteristics.  Here, factors such as local combustion rates and local directionality in the process of flame propagation are of paramount importance.  For successful assessment of explosion overpressures and near-field blast effects or internal pressure development in vented enclosures, numerical simulation of gas explosions is necessary.

AutoReaGas( is a commercial software package for numerical simulation of gas explosions and blast, developed jointly by the TNO Prins Maurits Laboratory and Century Dynamics Ltd (Century Dynamics/TNO, 1999).  The software consists of a Navier-Stokes based Gas Explosion solver as well as an Euler based Blast solver embedded in an interactive and user-friendly interface.

This paper summarises the underlying physical and mathematical modelling. The capabilities of the software are demonstrated in some validation exercises and practical applications.

4.5.2 Phenomena

If a small spark ignites a quiescent flammable mixture, a spherical laminar flame front starts propagating through the flammable mixture.  The combustion reaction in the flame front converts flammable mixture into combustion products.  The flame front can be considered an interface between the cold reactants and the hot combustion products within the flame bubble.

Conduction and molecular diffusion of heat and species from the reaction zone into the unburned material largely determine the mechanism of laminar flame propagation.  The thickness of a laminar flame is of the order of one millimetre.  As conduction and molecular diffusion are relatively slow processes, laminar flame propagation is a slow process.  Laminar burning speeds for the most common hydrocarbon-air mixtures are in the range of only half a meter per second.

In the chemical reaction, combustion products are produced.  Because combustion products are of high temperature, the cold flammable medium expands strongly on combustion.  The expansion generates a flow field. In this expansion flow field, the flame front is carried along.  Relative to the reactive mixture (which is in motion), the flame front propagates at the laminar burning speed.

The flame propagation process is sped up by flame instabilities, which wrinkle the flame front surface, enlarge its reactive area and thereby increase its effective burning speed.  In relatively low-reactive hydrocarbon-air mixtures these flame instabilities are limited by the property of wave phenomena to tend to a plane geometry.

A further speed-up of the process takes place under appropriate boundary conditions.  Rigid boundaries induce a structure in the expansion flow consisting of velocity shear layers and turbulent motion.  When the flame front encounters these flow structures, the combustion rate is increased in several ways.  The flame is stretched in the shear layers, thereby increasing its reactive area and effective burning speed. Turbulence does not only speed up the transport processes of heat and species but, above all, turbulence increases the surface area of the flame front.  The flame front surface area is the interface between flammable mixture and combustion products where the combustion reaction takes place.  Initially, when the turbulence is of low intensity, the turbulent eddies only wrinkle the flame front and increase its effective area and thereby the burning speed.  The consequence is a stronger expansion flow i.e., flow velocities increase.  Higher flow velocities go hand in hand with higher turbulence intensity levels.  Under the influence of higher turbulence intensities, the flame front gradually loses its original smooth appearance.  Its structure changes.  Turbulent eddies tend to disintegrate and disrupt the front leading to larger flame areas and higher combustion rates.  Higher combustion rates produce stronger expansion and higher intensity turbulence etc., etc.  Turbulence generative boundary conditions trigger a positive feedback in the process of flame propagation by which it develops more or less exponentially both in speed and pressure (CCPS, 1994) (see Figure1). 

A gas explosion can be considered as a flame propagation process in a flammable mixture, which amplifies/accelerates up to an explosive intensity (pressure build-up) by interaction with its self-induced expansion flow.  The development of this process is predominantly governed by the boundary conditions of the expansion flow.
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Figure 1:
Positive feedback triggered by shear and turbulence generative boundary conditions, the basic mechanism of a gas explosion
The process of turbulent mixing between flammable mixture and combustion products largely determines the combustion rate.  The combustion front acts as a turbulent mixing zone in which the internal interface between flammable mixture and combustion products can become very large.  The boundary conditions of the expansion flow, which generate a flow structure of strong shear and turbulence, constitute the key factor in the development of high flame speeds and pressure build-up in deflagrative gas explosions. 

Fast expansion of combustion products is a characteristic feature of explosive combustion.  The chemical energy of the fuel is converted into the internal energy of the combustion products and the mechanical energy of the expansion flow.  The mechanical energy is transmitted into the surrounding atmosphere in the form of a compression wave (blast).  The blast wave decays during propagation and can do structural damage up to a large distance.  The maximum thermodynamic efficiency of the conversion process of chemical energy into mechanical energy of the blast is approximately 40%. 

4.5.3 The Gas Explosion Solver

As described in Chapter 2, a gas explosion is a process of intense interaction of three strongly interrelated phenomena: expansion flow, flow structure (shear and turbulence) and combustion.  Its development is predominantly governed by the nature of the boundary conditions.  In a model of a gas explosion, therefore, these three phenomena and their strong dependence on the boundary conditions should be adequately modelled.

The process of a gas explosion is described by a set of significant (state) parameters and modelling constants.  The state parameters are consistently non-dimensionalised and, because the density is a strongly fluctuating parameter in combustion processes, density-weighted-averaged (Favre,1969).  Cartesian tensor notation is used with the summation convention with respect to repeated indices.

4.5.3.1 Gas dynamics of expansion

The gas dynamics of expansion is modelled by conservation equations for mass, momentum and energy.
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p = pressure 

( = turbulent stress

k = turbulence kinetic energy
(t = turbulent viscosity

(ij = Kronecker delta

Rdi = fluid dynamic drag by sub-grid objects

Rfi = wall friction 
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E    = e + mfu.Hc 
e     = internal energy
mfu = fuel mass fraction

Hc   = heat of combustion fuel
DE   = diffusion coefficient for energy

Objects too small for solid representation in the numerical mesh are modelled by a sub-grid representation.  Sub-grid representation of objects is accomplished, among other things, by the specification of a fluid dynamic drag in cells where sub-grid objects are defined.

Because the numerical mesh used in practical applications is far too coarse to resolve boundary layers, the standard wall function approach for setting the boundary conditions of momentum equations at solid boundaries are not effective.  Therefore, a sub-grid formulation for wall effects is applied.

Rdi is the fluid dynamic drag contribution to the momentum conservation equations by sub-grid defined objects.  Rfi is the contribution to the momentum balances by wall friction. The modelling of the terms Rdi is described in Chapter 4.2.

4.5.3.2 Turbulence

Turbulence can be well circumscribed as a flow instability that manifests itself as an irregular velocity fluctuation superposed on the mean flow.  Turbulent flow conditions are usually characterised by the root mean square of the turbulent velocity fluctuation and an average size of turbulent flow structures, i.e. the turbulence intensity u’ and the turbulence macro length scale Lt.

A major reason why turbulence has a strong influence on the development of gas explosions is its capability to mix.  The turbulent mixing of unburned mixture and combustion products may create a large interface area at which the burning takes place.

Turbulent flow can be modelled following the Boussinesq hypothesis (Hinze, 1975), which states that turbulent flow can be described by analogy with laminar flow but with increased viscosity, i.e. the turbulence viscosity.  Accordingly, turbulent mixing can be modelled by analogy with molecular diffusion but with increased diffusivity, i.e. the turbulence diffusivity or eddy diffusivity.

By analogy with molecular diffusivity, a turbulence diffusion coefficient can be composed of two quantities namely: a characteristic velocity and a mixing length, i.e. the turbulence intensity u’ and the turbulence macro length scale Lt. 

The two quantities u’ and Lt will vary strongly in space and time during the development of a gas explosion.  Therefore, a proper description of the turbulent structure of the expansion flow during the full development of a gas explosion requires a two-equation model.  Rather than u’ and Lt, it is more convenient to compute the development of the turbulence kinetic energy k and its dissipation rate ( for which conservation equations can be drawn up (Launder and Spalding, 1972).
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k        = turbulence kinetic energy (tke)

(        = dissipation rate of tke

Rk      = source of tke by sub-grid defined objects

C(1, (2 = modelling constants

The turbulence intensity u’, the turbulence characteristic scale Lt and consequently the turbulence viscosity (t and related diffusive transport coefficients can be readily calculated from k and ( according to:
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u’ = turbulence intensity

Lt = turbulence macro length scale

C( = modelling constant

D* = diffusion coefficient

(* = Prandtl number for transportive property *
Objects too small for solid representation are modelled by a sub-grid representation.  Sub-grid representation of objects is accomplished by the specification of representative flow conditions locally.  Rk is the source of turbulence kinetic energy by sub-grid defined effects.  The modelling of sub-grid effects by a source of turbulence is described in Chapter 4.3.

4.5.3.3 Premixed Combustion 

Combustion is modelled as a simple one step conversion process according to:

                 1 kg fuel  +  s kg oxygen  (  1+s kg products

Where:    s = the stoichiometric oxygen requirement to burn 1 kg of fuel

Premixed combustion of a flammable mixture, whose composition is not homogeneously distributed in space, is modelled by conservation equations for the fuel mass fraction, mfu, and the mixture fraction, MF.
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where:             
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mfu = fuel mass fraction

Rc     = combustion rate

MF = "mixture fraction" 

mO2 = oxygen mass fraction

Dfu  = diffusion coefficient for fuel

Dmf  = diffusion coefficient for mixture fraction

b0,b1 = reference values (0% fuel, 100% fuel)

Rc is the combustion rate, a source term in the fuel mass fraction conservation equation. Rc is the conversion rate of fuel into combustion products and should be modelled in such a way that it describes combustion within a flame front, i.e. a mixing zone between reactants and combustion products.

4.5.3.3.1 The combustion rate

Over the thickness of a flame front, the medium composition changes from unburned into burnt.  The local combustion rate within the combustion front is, of course, dependent on the local composition, i.e. the local mixedness of reactants and combustion products.  Therefore the combustion rate for mixing controlled combustion can be modelled choosing an appropriate function describing this dependence:

                                         Rc (  F(mfu,mO2,mprod)

Because of its nature, this function should limit, of course, the combustion reaction to the mixing zone, where reactants and combustion products mix, i.e.:      

                 F(mfu,mO2,mprod)= 0             for:       mfu=0 or mO2=0 or mprod=0

In the literature various mixing controlled combustion models can be found, each with their specific functions e.g.: the Bray, Moss, Libby model (Bray, 1980), the “Eddy Break-up” model (Spalding, 1977) and the “Eddy Dissipation” model (Magnussen and Hjertager, 1976).  The nature of these functions is based on the adopted physical modelling of turbulent premixed combustion.

If the physical mechanism of flame propagation is modelled, the physical flame structure should be numerically resolved.  Then, the shape of this function, which largely determines the distribution of reactants and combustion products within the flame front, has a clear physical significance.  However, full resolution of the flame front structure requires a fine mesh (many cells over the flame thickness), which is far from feasible in any practical 3D application of the software, at present. 

Practical problems necessitate the use of numerical meshes which are far too coarse to resolve the physics of the flame.  Therefore, a flame front is modelled as a jump in the composition (from unburned into burnt) that is convected in the expansion flow and that propagates relative to the unburned medium at a prescribed burning speed.  Then the flame front thickness is determined by the properties of the numerical method to represent a jump in composition under convection.

Under these conditions, the function F(mfu,mO2,mprod) has no physical significance and may be modelled, therefore, by any function that satisfies the above conditions of mixing controlled combustion.  The exact shape may be chosen in order to obtain an optimal numerical performance. 

The combustion rate is the source term to be modelled in the fuel conservation equation.  To control the burning speed of the flame propagation, the combustion rate should be related to the front’s burning speed.  From dimensional considerations, it is easy to understand that the combustion rate is proportional to the ratio of the burning speed and the flame thickness, i.e.:
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Hence the combustion rate for burning speed controlled flame propagation can be expressed as:
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Where: 
Cc = modelling constant

(   = density

S    = prescribed burning speed

(    =  flame front thickness

H   = step function defined by                        

                        H(mprod-cq) = 1    for   mprod  (  cq    else      H(mprod-cq) = 0

           

Cq  = cold front quenching condition

H(mprod-cq) is a step function that provides so-called cold front quenching.  No combustion is allowed before the products mass fraction in a cell exceeds a certain level, cq.  A certain level of cold front quenching is required to prevent a continuous increase of the numerical combustion zone thickness during its propagation and the burning speed thereby (Catlin and Lindstedt, 1991).  The artifice of cold front quenching allows the numerical simulation of the propagation of a flame front at a prescribed and controlled burning speed.  Because of the inherent numerical diffusivity, a substantial level of cold front quenching is required when a first order numerical scheme is used for the solution of the equations.  Modern higher order “Total Variation Diminishing” schemes, on the other hand, require only a minimum level.

When the numerical mesh is not sufficiently fine to resolve the physics, the numerical method will determine the front’s thickness, being a fixed number of cell sizes, n(, and the expression for the combustion rate can be written as (Arntzen, 1993):
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Calibration of this model within its numerical context results in appropriate values for both, the numerical thickness of a flame n( in a coarse mesh and the modelling constant Cc.  Numerical solution of the gas dynamics, provided with the above formulation for the combustion rate, properly reproduces any burning speed prescribed by the parameter S.  The formulation allows the simulation of a flame propagation process as long as its local burning speed can be prescribed dependent on the composition of the flammable mixture and flow structure encountered.  It is obvious that the adopted way of flame propagation modelling requires a regular, uniform mesh.

4.5.3.3.2 Empirical data for burning speeds

The expression for the combustion rate in the properly calibrated numerical model reproduces any value for the burning speed specified by S.  The flame propagation is started up at the laminar burning speed Sl0.  During the initial laminar stage of flame propagation, the burning speed increases due to flame instabilities that wrinkle the flame surface and increase its reacting area.  In the model, the burning speed is allowed to speed up proportionally to the flame sphere radius according to:
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Where Fs is a proportionality factor and Rf is the flame bubble radius. Sl0 is the laminar burning speed of the flammable mixture, which is dependent on the mixture’s stoichiometry and thermodynamic state. 

Experimental data (Gibbs and Calcote, 1959) show that the dependency of the laminar burning speed on stoichiometry is approximately parabolic.  Here, the laminar burning speed is assumed to be maximal for a stoichiometric composition and to decrease to zero in the upper and lower flammability limit following a parabolic behaviour, i.e.:
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Where:  
Sl0st = laminar burning speed in stoichiometric mixture



mfu = fuel mass fraction


          mfust = fuel mass fraction stoichiometric mixture


       mfuUFL = fuel mass fraction at upper flammability limit


       mfuLFL = fuel mass fraction at lower flammability limit

The dependency of the laminar burning speed on the mixture’s thermodynamic state is modelled according to experimental data compiled by Metghalchi and Keck (1980).  The Metghalchi and Keck (1980) data indicate an exponential increase of the laminar burning speed with the temperature and an exponential decrease with the pressure according to:
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Where the flame propagates into turbulent flow areas, the turbulent burning speed can be modelled according to many empirical or theoretical correlations available from the literature.  For the very early, low turbulence, wrinkled flame stage, for instance, a proportional relation of the burning speed and the turbulence intensity according to Damköhler (1940): 
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Or at a later stage according to Gülder (1990):

                       
[image: image58.wmf]25

.

0

5

.

0

25

.

0

75

.

0

1

.

.

.

'

6

.

0

-

+

=

n

l

t

l

t

S

L

u

S

S

    

And for the more intense turbulent combustion according to Bray (1990)
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The burning speed at any location is then calculated according to:
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Where:

St = turbulent burning speed

u’ = turbulence intensity



Lt = turbulence length scale



Sl = laminar burning speed



(  = kinematic viscosity

The numerical model, provided with the above formulation for the combustion rate and properly calibrated, will reproduce any burning speed prescribed by the empirical correlations for both the laminar and turbulent stage of flame propagation. 

However, flame propagation in interaction with an obstacle environment is not solely determined by the properties of the generated turbulence.  In addition, the flame front area is temporarily enlarged by stretch in the strong shear layers in the flow immediately behind an obstacle or adjacent to solid walls.  Such effects are not satisfactorily resolved in a coarse mesh and the sub-grid representation of an obstacle by a source of drag and turbulence alone.  Flame front stretch in shear layers and any additional combustion enhancing effects in the interaction with obstacles are described with additional sub-grid modelling.

4.5.3.4 Start up of flame propagation

At the start of an explosion simulation, the flame propagation process is initiated by the specification of a certain mass of combustion products in one single cell of the numerical mesh, specified as the ignition location.  During the very first stages of the process, when the combustion is limited to only one or just a few cells, the resolution problem becomes particularly manifest.

It is obvious that the above formulation of the combustion rate cannot develop a correct burning speed and attended expansion velocity field before a flame front of full numerical thickness has established.  Therefore, the initial stages of flame propagation after initiation deserve special attention and are artificially controlled in a simple but very adequate procedure.  To this end, appropriate assumptions are required i.e.:

· During the initial stages, the shape of the flame bubble is approximately spherical.

· During the initial stages, the process is approximately isobaric.

It will be clear that these assumptions are often very reasonable.

During each computational cycle (time step), the total mass of combustion products as well as the total combustion rate in the numerical mesh are computed (Figure 2). 

[image: image61.wmf]
Figure 2: 
Schematic representation of burning velocity control during the initial stages of flame propagation
Under the assumptions mentioned, the total mass of combustion products in the mesh is converted into an equivalent spherical flame bubble the radius and surface area of which are calculated.  The summed combustion rate is equated to the total mass of unburned mixture consumed by the burning at the equivalent spherical flame bubble area. In this way, during each cycle an observed burning speed is calculated from:

                                      
[image: image62.wmf]å

D

=

V

R

A

S

c

u

f

obs

.

.

.

r

 

Where:

Sobs= observed burning speed

                    
Af  = flame bubble surface area



(u   = density unburned mixture



Rc   = combustion rate



(V  = cell volume

The observed burning speed is compared with the prescribed burning speed.  The combustion rate in the next computational cycle is corrected on the basis of the difference between the observed and prescribed burning speed. 

This simple procedure has proved to be able to accurately follow any development of the burning speed prescribed during the initial stages of the flame propagation.  Right from the initiation of the combustion process, a realistic expansion velocity field develops in this way.

4.5.3.5 Water Deluge

Water deluge by sprinkler systems has proved to be an effective means of reducing gas explosion overpressures. The major effect of water deluge on flame propagation is due to the evaporation of the water droplets by the heat of the flame and the action of vapour as a diluent that partially inerts the flammable mixture (Van Wingerden et al.,1995). Experimental data indicate that in order to be effective, water droplets must be sufficiently small to be fully evaporated within the thickness of a laminar flame. However, such a small drop size cannot be produced at a sufficient rate to be effective. Practical sprinkler systems produce water droplets of a much larger size. Large droplets tend to break up into small effective droplets in the expansion flow in front of the flame. However, such a break-up process occurs only if the drops have a sufficient inertia and if the expansion flow is violent enough.

Mitigation by water deluge has been modelled by calculating a Weber number, defined as:
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where:
( = gas flow density


U = gas flow velocity relative to the droplet


d = droplet diameter

            ( = surface tension

If the Weber number is small, the droplets do not break up and the water deluge is ineffective. If, on the other hand, the Weber number exceeds a certain value the droplets break up and the burning velocity is reduced proportionally to the water supply rate.

4.5.3.6 Solution technique

The set of conservation equations is solved by a “finite volume” technique as described by Patankar (1980).  The computational domain is subdivided into a great number of Cartesian control volumes (cells).  The scalar quantities are defined in the cell centres while the velocities are defined in the cell interfaces.  The conservation equations are integrated over the control volumes thereby linearly relating the value of a variable in each cell to those in all neighbouring cells. The “power law” scheme (Patankar,1980) has been used for this “finite differencing” of the conservation equations. This scheme allows a gradual transition from first order centred for diffusion dominated flow into upwind for convection dominated flow.

This discretisation of the partial differential equations results in extended sets of algebraic equations, one equation per cell per variable.  These sets of algebraic equations are solved by means of the Thomas algorithm, which is an iterative tri-diagonal matrix algorithm. 

The coupling of the gas dynamic quantities is assured by the SIMPLE(C) procedure for compressible flow (Patankar,1980 and Hjertager, 1982), which iterates density, pressure and flow velocities up to full mass conservation.
4.5.4 Subgrid representation of objects 

4.5.4.1 In general

As described in Chapter 2, the boundary conditions of the expansion flow field predominantly determine the development of a gas explosion.  Experimental data show, for instance, that partial confinement or spatial configurations of obstacles have a strong influence on the development of a flame propagation process.  In particular, a combination of partial confinement and obstacles is very effective in overpressure development.  Therefore, an adequate representation of obstacles (also small-scale obstacles) being part of the boundary conditions of the gas dynamics is of vital importance.  An obstacle will affect the development of a gas explosion in various ways:

· It acts as a source of fluid dynamic drag in the expansion flow.

· It gives rise to a wake flow whose turbulent structure intensifies the combustion rate and thereby the burning velocity of the flame.

· It stretches the flame front and increases its burning velocity in local velocity shear layers.

Obstacles too small for a solid representation in the mesh are modelled by a sub-grid representation.  A sub-grid representation implicates that, in a cell containing a sub-grid-defined object, conditions are specified that are representative for the presence of an object.  An adequate sub-grid representation of objects must take into account the above mentioned effects.

4.5.4.2 Sub-grid modelling of fluid dynamic drag

A source of fluid dynamic drag is specified in any cell containing sub-grid objects. A source of drag is modelled by the specification of a pressure drop across the cell containing a sub-grid.  Following the usual formulation and the definition of the fluid dynamic drag coefficient, a drag force is defined as:
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                     Where:  
Fd = fluid dynamic drag force

                                 
Cd = fluid dynamic drag coefficient

                                  
Af = object frontal area

The drag is numerically implemented through the specification of a pressure drop across a cell of the mesh containing a sub-grid defined object in the respective co-ordinate directions.  The pressure drop is a source term in the momentum conservation equations is equal to:
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Representative values for the fluid dynamic drag coefficient for obstacles of various shapes and orientations are taken from Hoerner (1965).

4.5.4.3 Sub-grid modelling of turbulence

A source of turbulence is specified in any cell containing sub-grid defined objects or wall friction.  The specification of turbulence conditions requires input in the turbulence model for both the turbulence kinetic energy k and its dissipation rate (.  The turbulence kinetic energy source term Rk is modelled by the assumption that the turbulence kinetic energy source is proportional to the fluid dynamic drag or friction energy, i.e:
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                      Where: 
      Ck = modelling constants

                                          Rd = momentum source fluid dynamic drag

                                            u = particle velocity

An appropriate value for Ck was derived through calibration. 

In addition to a source of turbulence kinetic energy k, the k-( model also requires input in terms of the dissipation rate (.  The local dissipation rate of turbulence kinetic energy can be specified through the assumption of an appropriate value for the characteristic turbulence scale Lt in a cell containing a sub-grid.  Simple reasoning (Arntzen, 1996) shows that a reasonable coarse mesh solution of the down-stream turbulence decay in the wake behind a sub-grid defined object of size D is possible if the turbulence length scale is numerically implemented according to:
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Where ( is the cell size of the numerical mesh.

4.5.5 The Blast Solver

Fast expansion is a characteristic feature of explosive premixed combustion.  The chemical energy of the fuel is converted into the internal energy of the combustion products and the mechanical energy of the expansion flow.  The mechanical energy is transmitted into the surrounding atmosphere in the form of a blast wave.  The blast wave decays during propagation and may do damage up to a large distance from the explosion.  The maximum efficiency of the conversion process of chemical energy into mechanical energy of the blast is approximately 40% (Fishburn, 1976). 

A blast wave exerts a loading on an object in two ways.  On the one hand, a blast wave is a static pressure wave which loads an object as a consequence of a static pressure distribution.  On the other hand, a blast wave is a dynamic pressure wave or a particle velocity wave (a gust of wind) which loads an object as a consequence of a dynamic pressure distribution i.e. the fluid dynamic drag.

Objects of large cross-flow dimensions are mainly loaded by the static pressure distribution, induced by the static pressure wave character of blast. Because of the almost instantaneous lateral rarefaction of the reflected overpressure, slender objects (small cross-flow dimension), on the other hand, experience only a very short initial static pressure loading pulse whereupon fluid dynamic drag forces dominate the blast loading. 

For the estimation of blast loading of simple-shaped objects by simple‑shaped blast waves, textbooks offer approximate rules of thumb.  For more complex problems, however, multi-dimensional numerical simulation is necessary. 

As long as the static pressure wave character of blast dominates the interaction, viscous effects in the flow may be neglected.  The assumption of inviscid flow, which is described by the Euler equations, is justified for the computation of many aspects in the behaviour of blast.  In many practical applications, such as, for instance, the interaction of gas explosive blast with large objects, the fluid dynamic drag can be neglected. In Cartesian tensor notation, the Euler equations are:
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        where:    ( = density

                      u  = particle velocity

                      e  = internal energy 

                      p  = pressure

A characteristic feature of blast flow fields is the presence of gas dynamic discontinuities such as shocks.  Proper numerical simulation of the propagation of shocks constitutes a major challenge to computational fluid dynamics over the years.  Over the last two decades, a great variety of numerical schemes have been developed to this end.

The blast solver in the AutoReaGas( software solves the multi-dimensional Euler equations by means of a Flux-Corrected Transport (FCT) scheme. FCT is one of the earliest developments in the area, developed at the Naval Research Laboratory, Washington (DC) during the early seventies (Boris and Book, 1976 and Boris, 1976). Very similar to modern “Total Variation Diminishing” schemes, FCT makes an optimised use of numerical diffusion by balancing between higher order and first order schemes.  This is achieved in a number of successive numerical operations repeated every time step during the computation.

· A higher-order solution is computed. 

· To stabilise the solution, a numerical diffusion term is added. The magnitude of this term is controlled by a diffusion coefficient.

· Similarly, an anti-diffusion term is calculated, controlled by a anti-diffusion coefficient.

· The anti-diffusion is subtracted from the diffused solution. This was to result in the original unstable higher-order solution if the anti-diffusion had not undergone a process of correction.

· The correction consists of the condition that the subtraction of anti-diffusion may not result in new maxima or minima and may not accentuate existing extrema.

· The coefficients controlling diffusion and anti-diffusion can be evaluated in such a way that numerical errors are minimised. 

4.5.6 Development, Validation and Application

The development of the gas explosion solver is largely determined by the availability of any relevant experimental data, which makes it possible to test and evaluate. Therefore, a substantial part of the development of AutoReaGas( ran parallel with the participation in international research programs such as the MERGE, EMERGE and the JIP programs.

The MERGE (Modelling and Experimental Research into Gas Explosions) and EMERGE (Extended MERGE) projects ran from 1991 to 1995 (Mercx,1994 and 1996).  A major objective within these projects, in which all leading research groups in Europe co-operated, was to develop, verify and validate CFD gas explosion software.

At about the same time, the SOLVEX data became available.  The Solvex experiments concerned the venting of a large-scale explosion chamber internally obstructed with one or two pipe racks. 

During 1995 and 1996, the Joint Industry Project on Blast and Fire Engineering for Topside Structures, Phase 2 (JIP 2) made it possible to validate the software by the prediction of full-scale experiments in a realistic model of a module of an offshore platform. 

4.5.6.1 SOLVEX

Bimson et al. (1993) reported on a series of vented explosion experiments in a 550 m3 explosion chamber.  The chamber, of 10*8.75*6.25 m3 internal dimensions, had a single, 50% area vent in one wall and two removable racks of 0.5 m diameter tubes as obstructions.  Ignition was by a low-energy spark in the centre of the wall remote from the vent.  Pressures and flame positions were monitored as the flame propagated through the box and during the external explosion that occurred in the jet of gas vented from the box.  The box as well as the area in front of the vent were modelled in AutoReaGas( in a 40 * 20 * 14 cubical cells mesh which were 0.5 m3 in size.  Figure 3 shows a cutaway view of the AutoReaGas( model. 

The box was filled with a 1.1 stoichiometric propane-air mixture and ignited in the centre of the wall remote from the vent.  Overpressures were recorded at three locations, two inside the box (P1 and P2) and one in the jet axis in front of the vent area (P3).  The computed overpressure-time traces (Figure 3) compare well with the experimentally observed data in both timing and overpressure.
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Figure 3:
SOLVEX experiment, modelled and computed with AutoReaGas(
4.5.6.2 MERGE and EMERGE

During the MERGE project the development of gas explosions under more or less idealised conditions was studied (Mercx, 1994).  A data set was generated from flame propagation experiments in spatial regular configurations of tubes, which were fully defined by just a tube diameter and a pitch.  Diameter, pitch, fuel and scale were varied.  Investigation of scale effects in gas explosions was an important issue in this project.

The theoretical research focussed on combustion modelling.  During this project the formulation of combustion in AutoReaGas( evolved from the early eddy break-up model up to the current model of burning speed controlled flame propagation.

Numerical modelling of the experiments required the development of a straightforward sub-grid representation of objects.

In the subsequent EMERGE project, the gas explosion problem was approached one step more realistically (Mercx, 1996); a summary paper is also available (Mercx, 1997).  A series of MERGE experiments was repeated but now with an initially turbulent area around the point of ignition.  The experimental results were surprising to some extent but could be accurately simulated with the current formulation of combustion in AutoReaGas(.  Figure 4 illustrates a typical AutoReaGas( geometry of the EMERGE (& MERGE) experiments.
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Figure 4:
EMERGE (and MERGE) geometry modelled in AutoReaGas( 

In addition a substantial data set was generated on the turbulent flow structure in the wake immediately behind one single cylinder and various configurations of cylinders.  These data made it possible to validate and calibrate the sub-grid representation of objects.  To this end steady wake flow behind a tube was numerically simulated with the AutoReaGas( software while the resolution was varied from fully resolved with 11 cells per cylinder diameter down to a sub-grid representation.  Figure 5 shows some of the results.  The pictures show the distribution of the turbulence intensity in the wake behind a cylinder in 20 m/s steady flow.  It shows that the characteristic vortex shedding in wake flow behind a cylinder is adequately resolved if the mesh resolution is fine enough. 

DRAG1  Solid/Subgrid 1-11-grid cylinders  U0 = 20 m/s

1 cell subgrid  (x = 0.050 m
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3 cell cylinder  (x = 0.017 m
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 5 cell cylinder  (x = 0.010 m

[image: image76.png]



 7 cell cylinder  (x = 0.0071 m
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9 cell cylinder  (x = 0.0056 m
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 11 cell cylinder  (x = 0.0045 m
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Figure 5:
AutoReaGas( solutions of u’ distribution in wake flows behind a cylinder in 20 m/s steady flow. Mesh resolution is varied.

4.5.6.3 JIP Validation

4.5.6.3.1 JIP 2

During 1995 and 1996, the AutoReaGas( software was applied in the Joint Industry Project on Blast and Fire Engineering for Topside Structures, Phase 2 (JIP 2). As part of this project, a series of full-scale gas explosion experiments in a realistic module of an offshore rig had to be predicted before the experiments were performed (Selby & Burgan, 1998). The module contained realistic equipment of an object density that was never modelled before.

The module layout, consisting of thousands of separate objects, was put in AutoReaGas( by means of an electronic object-orientated database.  This database is illustrated in Figure 6.

[image: image81.png]AuioReaGos Version 2.0.16 Ceniury Dynomics & TNO

aBJECT
LOCATION
SELECTED

:
.
(m.kg. s)

CYCLE 0
T = 0.000E+00

HSED1D: HSE §7 ~2 KPA BLOW QUT PANELS





Figure 6:
JIP Geometry Database Modelled in AutoReaGas(
A preliminary series of simulations showed a substantial and systematic underprediction of explosion overpressures, in particular for the higher obstacle densities.  It indicated that the employed representation of sub-grid objects deteriorated when the density of represented objects increased.  In particular, the representation of more than one object per cell deserved more attention.  In addition, it appeared that the interaction of a flame front with sub-grid-defined objects was not adequately described by the adopted combustion modelling at that time.  To that end, the combustion modelling was extended with extra modelling representing the flame front area increase by stretch in shear layers.  After revision and recalibration of the software, the prediction of the final series of 3 experiments was substantially closer.

The modelling carried out during the JIP 2 indicated that, despite their inherent limitations, numerical explosion simulators perform substantially better than any other, simpler models.  This is shown in Figure 7, taken from the final summary report (Selby & Burgan, 1998), which represents the geometric mean variance (vertical) and geometric mean bias (horizontal) for the differences in observed and computed overpressure averaged over 25 pressure sample points for the three final predictions.

[image: image82.png]o
[=3
o

—
L =]

VG = EXP (MEAN (LN P/0)2)

EXTRAN

Maximum Overpressure

Mode! performance and confidence limits
Tests 11 to 13 combined

T H ; /
b " T
| 3

/

\I\\H‘

EXPLODE CHAOS
EXSIM-94 COMEX+NVBANG
FLACS
AutoReaGas
T T
.01 A 10 100

MG = EXP (MEAN (LN P/O))

performance not shown (out of range)




[image: image83.wmf]Horizontal axis

represents accuracy

of predictions.

Vertical axis

represents

consistency of

predictions.  The

parabola represents

an assumed locus of

consistent

predictions.  MG=1,

VG=1 represents a

perfect match.  If

MG=1 and VG>1

one has accurate (on

the average) but

inconsistent

predictions.  Note

the scales are log-

log.


Figure 7:
Model performance for the 3 final JIP 2 overpressure predictions
4.5.6.3.2 Repeatability Experiments

After the JIP 2 experiments were completed, HSE commissioned further experiments, including a series of repeatability experiments.  AutoReaGas was used to model the test condition variations in the full scale gas explosions (Fairlie, 1998).  Parameters that were considered to vary included ambient pressure and temperature and the initial concentration of the flammable cloud.  Also studied was the sensitivity to representation of the polythene sheeting used to contain the flammable cloud.  Within AutoReaGas this was modelled using blow out panels that failed at low pressures.  The plot in Figure 8 illustrates an overpressure isosurface from one of the simulations.  All regions enclosed by the isosurface reached an overpressure of 1bar or more.
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Figure 8:
Overpressure isosurface from a simulation of a JIP geometry
In Figure 9 we show one of the figures taken from the HSE OTO report (Fairlie,1998). This shows overpressure values for two experimental and two simulation cases.  The test cases were both in the 12m wide rig, with no side confinement and 2/3rd covered roof.  The ignition was at one end, and as can be seen in the figure, the pressure in general rises along the long side of the rig.  Multiple gauges exist at different elevations and depths for the same axial (X) co-ordinate.  Tests 19 and 22 are for two nominally identical tests, albeit with differing meteorological (measured) conditions.  The simulation results shown are for two cases; a “reference” case, in which the polythene sheeting is assumed to rupture instantaneously at the time of ignition, and a case in which the effect of the sheeting is represented using blow-out panels with a 2kPa failure pressure.  It can be seen that the case with 2kPa panels matches the experimental results very well.
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Figure 9:
Comparison of JIP Phase 3A Test Results and AutoReaGas Simulations
4.5.6.4 Practical Applications

The AutoReaGas software is in extensive worldwide use by operators, contractors, consultancts, research organisations and universities.  Most applications are offshore, related to both fixed and floating systems, but onshore applications include petro-chemical, process, power, transport and mining facilities.  Typical applications of the software include:

· Explosion hazard risk and safety assessment

· Safety cases and determination of safe distances

· Plant layout optimisation

· Determination of blast loadings on and inside structures

· Post accident investigations

· Insurance damage assessments

The following summarises some recent practical applications of AutoReaGas.  They consider both offshore and onshore facilities.

Gas explosion and subsequent blast analyses were carried out for an offshore platform complex (Hayhurst et al., 1998).  The geometry database used to represent the facility is shown in Figure 10.
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Figure 10:
Geometry database of offshore platform complex 

A range of gas cloud and ignition source scenarios on the Production and Well Head Platforms were analysed using the Gas Explosion solver; Figure 11 shows a typical overpressure contour plot of results.
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Figure 11:
Example results from the gas explosion solver

In order to establish the blast loading on the Quarters Platform, results from the Gas Explosion solver were automatically remapped into the Blast solver.  Figure 12 shows the blast loading on the Quarters Platform as a result of one of the gas explosions on the Production Platform.
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Figure 12: 
Blast Loading on Quarters Platform
Gas explosion analyses have also been conducted using gas clouds determined by CFD dispersion modelling (Rogers et al., 1999).  The AutoReaGas geometry, which was imported from a CAD software, is shown in Figure 13.  Figure 14 shows a typical gas cloud while Figure 15 shows a typical overpressure contour plot.
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Figure 13: 
Offshore Platform Geometry Model
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Figure 14: 
Dispersed Gas Cloud Location
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Figure 15: 
Overpressure Contour Plot of Gas Explosion Results

A number of studies of onshore gas explosions have been studied which have included numerical modelling with AutoReaGas (Windhorst, 1997 and 1999).  These studies also included geometry imported from a CAD software and some gas clouds defined from the results of dispersion modelling.  One of the geometry and gas cloud locations are shown in Figure 16.
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Figure 16: 
Geometry and Gas Cloud Location

4.5.7 Conclusions

A gas explosion may be well characterised as a flame propagation process through a flammable mixture, which amplifies/accelerates up to an explosive intensity (pressure build-up) by interaction with its self-induced expansion flow. 

AutoReaGas( is a software package for numerical simulation of gas explosions and blast.  The underlying model describes the gas dynamics of a gas explosion as perfect gas that expands under the influence of energy addition.  A process of flame propagation, which is burning speed controlled, supplies the energy.  Empirical correlations relate the burning speed to the flow structure encountered.  The boundary conditions, which largely determine the expansion flow structure, are of decisive importance in the development of a gas explosion.

Objects, too small to be represented by solid boundaries in the computational mesh, are modelled by a sub-grid representation.  A sub-grid object is modelled by the specification of representative flow conditions locally in terms of fluid dynamic drag, turbulence and flame stretch in shear layers.

Although it is believed that in this way the essentials of a gas deflagration are modelled, certain aspects of this complicated process remain poorly understood.  It is unclear for instance to what extent the development of a gas explosion is influenced by the interaction of flame propagation with pressure gradients.  The influence of these phenomena has not been modelled, so far.

In addition, limited available computer capacity compels to compute in a mesh far too coarse for full numerical resolution of the physical phenomena.  A consequence is that, despite many numerical formulations tailored to suppress these effects as far as possible, solutions are inevitably mesh-dependent to some extent.

The basic deficiencies mentioned with regard to the numerical simulation of gas explosions in a realistic environment limit, of course, the fully blind predictive capabilities of the software.  Nevertheless, being aware of its limitations, the gas explosion simulation software can be fruitfully applied.  Different problems require different calibration.  Knowledge of experimental data and full access to all calibration parameters enables a user to tune the software accurately for his purposes. 

AutoReaGas has undergone extensive validation against many experiments at small, medium and large scale.  AutoReaGas is in extensive world-wide usage in the study of gas explosions and subsequent blast affects in both offshore and on shore facilities.
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5 Description and analysis of numerical models

5.1 Specific problems in turbulence modelling related to H2 safety

5.2 Heat transfer models, including radiation

5.3 Condensation / Evaporation models

5.3.1 NCSRD (Alexander G. Venetsanos)

5.3.1.1 Mixture model

The working fluid is a mixture defined as follows:

· Mixture of two componenets.  Component-1 is the added substance (e.g. hydrogen) and component-2 is the ambient gas (air).
· Component-1 can exist as a vapour, liquid or vapour-liquid mixture.
· It is assumed that both components are in thermodynamic equilibrium, i.e., all phases share, at each point, the same pressure and temperature.
· The mixture is assumed ideal. This implies that component distribution over the liquid and vapour phase, in the pollutant substance, obeys Raoult's law.

The mixture density (  is given by:
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where the component densities (
[image: image95.wmf]V

,

1

r

,
[image: image96.wmf]L

,

1

r

,
[image: image97.wmf]2

r

) are generally specified as functions of pressure and temperature:


[image: image98.wmf](

)

T

P

V

V

,

,

1

,

1

r

r

=

;  
[image: image99.wmf](

)

T

P

L

L

,

,

1

,

1

r

r

=

;  
[image: image100.wmf](

)

T

P

,

2

2

r

r

=






(2)
and where the mass fractions obey the following relations:
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Regarding the other mixture physical properties, they are related to component physical properties through:
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where the individual properties are generally functions of temperature and pressure, i.e.,
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5.3.1.2 The equilibrium phase change model

In this model it is assumed that the liquid phase of component-1 appears instantaneously (condensation occurs), when the component-1 mass-fraction 
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where according to Raoult's law the component-1 vapor saturation mass fraction can be estimated from:
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and where the saturation pressure 
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Vice versa when the component-1 mass-fraction falls below the saturation value, then instantaneous evaporation is assumed to occur.

The amount of component-1 in liquid phase is such that a saturation state exists in the gaseous region:
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from which ge get:
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For further description of this model see Housiadas (1991) and Venetsanos (2003).

5.3.1.3 Nomencalture

	P
	Pressure
	Pa

	T
	Temperature
	K

	e
	Internal energy
	J Kg-1

	h
	Enthalpy
	J Kg-1
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	Specific heat
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	Viscosity
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	Conductivity
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	Mass fraction (mass of component-i over mixture mass)
	-

	(
	Density
	Kg m-3
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	Molecular weight
	Kg Kmole -1


Subscripts

	1
	Pollutant

	2
	Ambient gas (air)

	V
	vapor

	L
	Liquid

	VS
	Saturated vapor


5.3.1.4 References

1 C. Housiadas, G.T. Amanatidis, J.G. Bartzis, (1991), ‘Prediction of Orographic precipitation using Cartesian co-ordinates and a singles prognostic equation for the water substance’, Boundary Layer Meteorology, Vol. 56, pp. 245-260.
2 A.G. Venetsanos, J.G. Bartzis, J. Würtz, D. D. Papailiou, (2003), “DISPLAY-2: A two-dimensional shallow layer model for dense gas dispersion including complex features”, Journal of Hazardous Materials, A99, pp 111-144.
5.4 Turbulent combustion models

5.4.1 UU (D. Makarov, V. Molkov)

5.4.1.1 Model description
The comprehensive model description can be found elsewhere, e.g. [1-3]. Major features are given below.

The governing equations, employed for LES, were obtained by filtering the three-dimensional instantaneous conservation equations for mass, momentum, energy for compressible Newtonian fluid and progress variable equation:
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The effective viscosity is calculated according to renormalization group (RNG) theory [4]. The RNG formulas don’t include any experimentally adjustable parameters and give the following expressions for the effective viscosity:
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where 
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In highly turbulent regions of the flow 
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where 
[image: image127.wmf]a

 - laminar Prandtl or Schmidt numbers, 
[image: image128.wmf]eff

a

 - effective Prandtl or Schmidt numbers.

Combustion model is based on the progress variable equation for flame propagation and the gradient method for the source term in the progress variable equation, representing local reaction rate ([kg/m3/s]) [5]:
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where 
[image: image130.wmf]t
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 - turbulent burning velocity. The turbulent burning velocity is calculated using combination of SGS models responsible for different physical mechanisms affecting flame front surface: flow turbulence and turbulence generated by flame front itself. Burning velocity, affected by large-scale turbulence, is calculated using expression, derived from RNG analysis [6]:
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where 
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 according to the analysis by Karlovitz et al. Chemical kinetics enters the model through its influence on the laminar burning velocity only.
The distinguishing feature of the gradient method is its ability to reproduce the correct mass burning rate once the turbulent burning velocity is determined. The integral of the source term 
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 across the flame front thickness ultimately returns the value of the mass burning rate:
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The source term 
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The additional equation for air mass fraction conservation equation is taken into account if fuel mixing with air is playing significant role:
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where 
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 - air concentration, 
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 - fuel concentration. In this case the burning velocity is calculated as a function of the fuel concentration in air, 
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The source term for energy equation is associated with combustion reaction rate:


[image: image145.wmf]c

c

E

S

H

S

×

=

, 









(11)

where 
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 [J/kg] - heat of combustion per 1 kg of unburnt mixture.

Specific heats of mixtures are approximated as piecewise-polynomial functions of temperature with polynomial coefficients calculated according to mass-weighted mixing law of composing species. Molecular viscosities of both fresh and burnt mixtures were calculated according to the Sutherland law for air viscosity. 

Ignition is achieved using gradual increase of the progress variable from 
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 to 
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 in one control volume and provided the growth of the flame front radius with time is close to linear. The “ignition” time is determined by the time of flame propagation through one control volume.

The model has been implemented using general-purpose CFD package FLUENT (versions 5.5, 6.0, 6.1), which realises control-volume based finite-difference method. For deflagration modelling the solver used explicit linearisation of the governing equations with explicit method for solution of linear equation set, second order accurate upwind scheme for convection terms and central-difference second-order accurate scheme for diffusion terms. The Runge-Kutta algorithm was employed for advancement of solution in time. The time step is determined from Courant-Friedrichs-Lewy condition 
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, where the CFL number is equal to 0.8 to ensure stability. The LES simulations performed on unstructured grids.

5.4.1.2 Nomenclature

a
Sound velocity, m(s-1
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Heat of reaction, J(kg-1
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Source term in air conservation equation, kg(m-3(s-1 , 
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Source term in conservation equation for progress variable, kg(m-3(s-1, 
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Source term in energy conservation equation, J(m-3(s-1, 
[image: image169.wmf]c

c

E

H

S

S

×

=



[image: image170.wmf]0

u

S


Laminar burning velocity, m(s-1
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Flame wrinkling factor
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626.984

676.412

913.239

740.5

573.385

2079.22

2117.114

1733.378

1965.457

1876.053

1937.757

1641.604

1997.062

1863.533

2140.68

1863.533

2165.747

922.664

802.189

912.028

845.744

1404.767

788.288

1234.696

699.887

1701.11

1134.107

1097.337

1183.618

1097.337

1029.463

2344.778

1116.64

2033.16

1955.1

2033.16

1921.471

2220.804

2460.058

1926.431

1501.53

1606.527

1583.677

1517.148

1405.013



graphic 8-12

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		8 : 1m grid		8 : 1m grid

		9		9

		9 : 1m grid		9 : 1m grid

		10		10

		11		11

		12		12

		13		13

		14		14

		14 : 1m grid		14 : 1m grid

		15		15

		16		16

		16 : 1m grid		16 : 1m grid

		17		17

		18		18

		18 : 1m grid		18 : 1m grid

		19		19

		20		20



Observed

Simulated

test number

Volume (m^3)

Dispersion simulations : concentration between 8 and 12 %

118.604

275.431

175.19

175.147

85.573

123.523

675.816

425.601

717.657

184.446

634.878

336.903

719.82

268.436

943.475

529.626

943.475

218.058

222.726

237.317

222.726

234.874

260.429

289.813

85.573

304.025

85.573

238.087

1070.768

445.533

66.008

143.444

66.008

139.409

297.89

68.281

0

1137.078

0

1077.833

349.276

167.96

1034.118

224.938

1034.118

362.854

415.143

432.151

603.557

404.437



graphic 7-11

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		8 : 1m grid		8 : 1m grid

		9		9

		9 : 1m grid		9 : 1m grid

		10		10

		11		11

		12		12

		13		13

		14		14

		14 : 1m grid		14 : 1m grid

		15		15

		16		16

		16 : 1m grid		16 : 1m grid

		17		17

		18		18

		18 : 1m grid		18 : 1m grid

		19		19

		20		20



Observed

Simulated

test number

Volume (m^3)

dispersion simulations : concentrations between 7 and 11 %

222.726

201.957

350.541

266.472

85.573

295.239

668.347

269.026

624.167

180.454

690.088

220.298

783.812

75.227

938.866

572.314

938.866

321.57

317.443

252.11

317.443

206.98

367.567

133.506

237.896

423.892

129.797

295.239

1233.552

261.218

195.745

70.043

195.745

173.754

308.926

239.748

63.107

1450.257

63.107

1540.578

314.39

130.847

735.59

224.938

735.59

294.573

540.018

539.274

541.316

432.151



graphic ER

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		8 : 1m grid		8 : 1m grid		8 : 1m grid

		9		9		9

		9 : 1m grid		9 : 1m grid		9 : 1m grid

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		14 : 1m grid		14 : 1m grid		14 : 1m grid

		15		15		15

		16		16		16

		16 : 1m grid		16 : 1m grid		16 : 1m grid

		17		17		17

		18		18		18

		18 : 1m grid		18 : 1m grid		18 : 1m grid

		19		19		19

		20		20		20



Observed

Simulated

rt.FUEL file

test number

Volume (m^3)

dispersion simulation : Flammble volume

518.486

484.883

552

543.262

644.854

733

550.093

467.001

590

1701.198

1310.512

1065

1572.453

1481.905

0

1494.561

1390.73

1045

1323.263

1069.754

761.9

1702.61

1067.931

896

1702.61

658.027

667

922.664

619.065

626

922.664

414.84

524

758.207

690.505

739

790.851

548.984

647

457.392

504.76

615

1453.43

923.301

967

985.86

553.164

877

869

672.81

869

1192.181

479.667

460

1824.37

1896.081

1807

1807

1921.471

1815

2027.856

708.453

677

1458.942

1344.272

1195

1458.942

1175.081

1241

1114.28

1415.027

1337

1025.797

1322.614

1228



comparison

		Comparison

		Test number		Equivalent Ratio (m^3)				rt.FUEL file (m^3)		8 -> 12 %				7 -> 11 %				> 2.5 %

				Observed		Simulated				Observed		Simulated		Observed		Simulated		Observed		Simulated

		1		518.486		484.883		552		118.604		275.431		222.726		201.957		797.23		626.984

		2		543.262		644.854		733		175.19		175.147		350.541		266.472		676.412		913.239

		3		550.093		467.001		590		85.573		123.523		85.573		295.239		740.5		573.385

		4		1701.198		1310.512		1065		675.816		425.601		668.347		269.026		2079.22		2117.114

		5		1572.453		1481.905		Problem		717.657		184.446		624.167		180.454		1733.378		1965.457

		6		1494.561		1390.73		1045		634.878		336.903		690.088		220.298		1876.053		1937.757

		7		1323.263		1069.754		761.9		719.82		268.436		783.812		75.227		1641.604		1997.062

		8		1702.61		1067.931		896		943.475		529.626		938.866		572.314		1863.533		2140.68

		8 : 1m grid		1702.61		658.027		667		943.475		218.058		938.866		321.57		1863.533		2165.747

		9		922.664		619.065		626		222.726		237.317		317.443		252.11		922.664		802.189

		9 : 1m grid		922.664		414.84		524		222.726		234.874		317.443		206.98		922.664		552.585

		10		758.207		690.505		739		260.429		289.813		367.567		133.506		912.028		845.744

		11		790.851		548.984		647		85.573		304.025		237.896		423.892		1404.767		788.288

		12		457.392		504.76		615		85.573		238.087		129.797		295.239		1234.696		699.887

		13		1453.43		923.301		967		1070.768		445.533		1233.552		261.218		1701.11		1134.107

		14		985.86		553.164		877		66.008		143.444		195.745		70.043		1097.337		1183.618

		14 : 1m grid		869		672.81		869		66.008		139.409		195.745		173.754		1097.337		1029.463

		15		1192.181		479.667		460		297.89		68.281		308.926		239.748		2344.778		1116.64

		16		1824.37		1896.081		1807		0		1137.078		63.107		1450.257		2033.16		1955.1

		16 : 1m grid		1807		1921.471		1815		0		1077.833		63.107		1540.578		2033.16		1921.471

		17		2027.856		708.453		677		349.276		167.96		314.39		130.847		2220.804		2460.058

		18		1458.942		1344.272		1195		1034.118		224.938		735.59		224.938		1926.431		1501.53

		18 : 1m grid		1458.942		1175.081		1241		1034.118		362.854		735.59		294.573		1926.431		1501.53

		19		1114.28		1415.027		1337		415.143		432.151		540.018		539.274		1606.527		1583.677

		20		1025.797		1322.614		1228		603.557		404.437		541.316		432.151		1517.148		1405.013





test 1

		Test number 1

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		3.3		3.70				0		0		0		0		0		0		41.641		41.641

		2		59.288		5.7		2.99				0		0		59.288		0		0		0		59.288		59.288

		3		59.407		2		1.11				0		0		0		0		0		0		0		0

		4		54.655		3.4		0.38				0		0		0		0		0		0		54.655		0

		5		69.836		2.8		0.05				0		0		0		0		0		0		69.836		0

		6		71.44		3.4		0.59				0		0		0		0		0		0		71.44		0

		7		64.256		0		0.00				0		0		0		0		0		0		0		0

		8		63.107		0		0.00				0		0		0		0		0		0		0		0

		9		62.654		0		0.00				0		0		0		0		0		0		0		0

		10		43.109		0		0.00				0		0		0		0		0		0		0		0

		11		52.626		0		0.00				0		0		0		0		0		0		0		0

		12		52.766		0.2		0.00				0		0		0		0		0		0		0		0

		13		62.715		0		0.00				0		0		0		0		0		0		0		0

		14		68.148		0		0.00				0		0		0		0		0		0		0		0

		15		68.744		0		0.00				0		0		0		0		0		0		0		0

		16		38.114		7.7		8.67				0		38.114		38.114		38.114		38.114		38.114		38.114		38.114

		17		35.698		5		7.18				0		0		35.698		35.698		0		35.698		35.698		35.698

		18		37.703		4.2		4.77				0		0		37.703		37.703		0		0		37.703		37.703

		19		43.555		0.3		1.94				0		0		0		0		0		0		0		0

		20		41.172		3.2		3.62				0		0		0		0		0		0		41.172		41.172

		21		44.358		5.8		1.94				0		0		44.358		0		0		0		44.358		0

		22		44.427		0		0.00				0		0		0		0		0		0		0		0

		23		40.758		0.1		0.05				0		0		0		0		0		0		0		0

		24		45.026		0		0.00				0		0		0		0		0		0		0		0

		25		37.759		0		0.00				0		0		0		0		0		0		0		0

		26		33.629		0		0.00				0		0		0		0		0		0		0		0

		27		37.113		0		0.00				0		0		0		0		0		0		0		0

		28		44.931		0		0.00				0		0		0		0		0		0		0		0

		29		44.224		0		0.00				0		0		0		0		0		0		0		0

		30		44.177		0.1		0.00				0		0		0		0		0		0		0		0

		31		59.694		6.3		10.64				0		59.694		59.694		59.694		0		59.694		59.694		59.694

		32		50.153		8.3		11.24				50.153		50.153		50.153		50.153		50.153		0		50.153		50.153

		33		59.019		6.7		11.03				0		59.019		59.019		59.019		0		0		59.019		59.019

		34		70.043		0		4.21				0		0		0		70.043		0		0		0		70.043

		35		66.008		7.3		16.23				0		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		9.1		9.80				68.451		68.451		68.451		68.451		68.451		68.451		68.451		68.451

		37		68.281		0		0.00				0		0		0		0		0		0		0		0

		38		67.702		2.3		0.24				0		0		0		0		0		0		0		0

		39		68.625		0.3		0.00				0		0		0		0		0		0		0		0

		40		58.8		0		0.00				0		0		0		0		0		0		0		0

		41		51.944		0		0.00				0		0		0		0		0		0		0		0

		42		57.152		0		0.00				0		0		0		0		0		0		0		0

		43		71.579		0		0.00				0		0		0		0		0		0		0		0

		44		65.938		0		0.00				0		0		0		0		0		0		0		0

		45		69.633		0		0.00				0		0		0		0		0		0		0		0

								Volume (m^3) :				118.604		275.431		518.486		484.883		222.726		201.957		797.23		626.984

								Volume given by the rt.FUEL file (m^3) :								552





test 2

		Test number 2

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		7.4		9.29				0		41.641		41.641		41.641		41.641		41.641		41.641		41.641

		2		59.288		2		6.64				0		0		0		59.288		0		0		0		59.288

		3		59.407		0.2		3.07				0		0		0		0		0		0		0		59.407

		4		54.655		5.1		2.46				0		0		54.655		0		0		0		54.655		0

		5		69.836		2		3.32				0		0		0		0		0		0		0		69.836

		6		71.44		2		3.44				0		0		0		0		0		0		0		71.44

		7		64.256		2.1		0.01				0		0		0		0		0		0		0		0

		8		63.107		2.7		0.01				0		0		0		0		0		0		63.107		0

		9		62.654		0.9		0.00				0		0		0		0		0		0		0		0

		10		43.109		0.2		0.00				0		0		0		0		0		0		0		0

		11		52.626		0		0.00				0		0		0		0		0		0		0		0

		12		52.766		0.1		0.00				0		0		0		0		0		0		0		0

		13		62.715		0		0.00				0		0		0		0		0		0		0		0

		14		68.148		0.1		0.00				0		0		0		0		0		0		0		0

		15		68.744		0		0.00				0		0		0		0		0		0		0		0

		16		38.114		9.8		10.76				38.114		38.114		38.114		38.114		38.114		38.114		38.114		38.114

		17		35.698		1.9		8.78				0		35.698		0		35.698		0		35.698		0		35.698

		18		37.703		0.4		12.02				0		0		0		37.703		0		0		0		37.703

		19		43.555		5.2		4.74				0		0		43.555		43.555		0		0		43.555		43.555

		20		41.172		2.1		7.88				0		0		0		41.172		0		41.172		0		41.172

		21		44.358		5.1		6.19				0		0		44.358		44.358		0		0		44.358		44.358

		22		44.427		1.2		0.00				0		0		0		0		0		0		0		0

		23		40.758		2.2		0.04				0		0		0		0		0		0		0		0

		24		45.026		1.9		0.00				0		0		0		0		0		0		0		0

		25		37.759		0		0.01				0		0		0		0		0		0		0		0

		26		33.629		0.4		0.00				0		0		0		0		0		0		0		0

		27		37.113		0.5		0.00				0		0		0		0		0		0		0		0

		28		44.931		0.1		0.00				0		0		0		0		0		0		0		0

		29		44.224		0		0.00				0		0		0		0		0		0		0		0

		30		44.177		0		0.00				0		0		0		0		0		0		0		0

		31		59.694				10.80				0		59.694		0		59.694		0		59.694		0		59.694

		32		50.153		6.7		7.15				0		0		50.153		50.153		0		50.153		50.153		50.153

		33		59.019		0.6		13.88				0		0		0		59.019		0		0		0		59.019

		34		70.043		2.7		2.41				0		0		0		0		0		0		70.043		0

		35		66.008		8		16.36				0		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		10.1		14.07				68.451		0		68.451		68.451		68.451		0		68.451		68.451

		37		68.281		0		0.01				0		0		0		0		0		0		0		0

		38		67.702		7.2		3.09				0		0		67.702		0		67.702		0		67.702		67.702

		39		68.625		8.9		0.26				68.625		0		68.625		0		68.625		0		68.625		0

		40		58.8		0		0.00				0		0		0		0		0		0		0		0

		41		51.944		0.5		0.00				0		0		0		0		0		0		0		0

		42		57.152		1.3		0.00				0		0		0		0		0		0		0		0

		43		71.579		0		0.00				0		0		0		0		0		0		0		0

		44		65.938		0		0.00				0		0		0		0		0		0		0		0

		45		69.633		0		0.00				0		0		0		0		0		0		0		0

								Volume (m^3) :				175.19		175.147		543.262		644.854		350.541		266.472		676.412		913.239

								Volume given by the rt.FUEL file :								733





test 3

		Test number 3

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		0		0.00				0		0		0		0		0		0		0		0

		2		59.288		0		0.00				0		0		0		0		0		0		0		0

		3		59.407		0		0.00				0		0		0		0		0		0		0		0

		4		54.655		0		0.00				0		0		0		0		0		0		0		0

		5		69.836				0.00				0		0		0		0		0		0		0		0

		6		71.44		0		0.00				0		0		0		0		0		0		0		0

		7		64.256				0.00				0		0		0		0		0		0		0		0

		8		63.107		0.1		0.00				0		0		0		0		0		0		0		0

		9		62.654		0		0.00				0		0		0		0		0		0		0		0

		10		43.109		4.3		4.04				0		0		43.109		43.109		0		0		43.109		43.109

		11		52.626		2.9		0.10				0		0		0		0		0		0		52.626		0

		12		52.766		0		0.10				0		0		0		0		0		0		0		0

		13		62.715		6		5.81				0		0		62.715		62.715		0		0		62.715		62.715

		14		68.148		2.6		1.31				0		0		0		0		0		0		68.148		0

		15		68.744		1.4		0.98				0		0		0		0		0		0		0		0

		16		38.114		0		0.00				0		0		0		0		0		0		0		0

		17		35.698				0.00				0		0		0		0		0		0		0		0

		18		37.703		0		0.00				0		0		0		0		0		0		0		0

		19		43.555		0		0.00				0		0		0		0		0		0		0		0

		20		41.172		0		0.00				0		0		0		0		0		0		0		0

		21		44.358		0		0.00				0		0		0		0		0		0		0		0

		22		44.427		0		0.00				0		0		0		0		0		0		0		0

		23		40.758		0		0.00				0		0		0		0		0		0		0		0

		24		45.026		0		0.06				0		0		0		0		0		0		0		0

		25		37.759		5.9		3.68				0		0		37.759		0		0		0		37.759		37.759

		26		33.629		10.7		0.75				33.629		0		33.629		0		33.629		0		33.629		0

		27		37.113		4.3		1.74				0		0		37.113		0		0		0		37.113		0

		28		44.931		6.1		7.80				0		0		44.931		44.931		0		44.931		44.931		44.931

		29		44.224		6		2.28				0		0		44.224		0		0		0		44.224		0

		30		44.177		2		1.00				0		0		0		0		0		0		0		0

		31		59.694		0		0.00				0		0		0		0		0		0		0		0

		32		50.153				0.00				0		0		0		0		0		0		0		0

		33		59.019				0.00				0		0		0		0		0		0		0		0

		34		70.043		0		0.00				0		0		0		0		0		0		0		0

		35		66.008				0.01				0		0		0		0		0		0		0		0

		36		68.451		0		0.00				0		0		0		0		0		0		0		0

		37		68.281		-0.1		0.00				0		0		0		0		0		0		0		0

		38		67.702		2.3		2.24				0		0		0		0		0		0		0		0

		39		68.625		1		3.58				0		0		0		0		0		0		0		68.625

		40		58.8		0.9		2.01				0		0		0		0		0		0		0		0

		41		51.944		8.7		8.68				51.944		51.944		51.944		51.944		51.944		51.944		51.944		51.944

		42		57.152		3.8		7.29				0		0		57.152		57.152		0		57.152		57.152		57.152

		43		71.579		5.2		8.16				0		71.579		71.579		71.579		0		71.579		71.579		71.579

		44		65.938		6.9		6.03				0		0		65.938		65.938		0		0		65.938		65.938

		45		69.633		3.7		7.96				0		0		0		69.633		0		69.633		69.633		69.633

								Volume (m^3) :				85.573		123.523		550.093		467.001		85.573		295.239		740.5		573.385

								Volume given by the rt.FUEL file :								590





test 4

		Test number 4

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		12.6		6.45E-01				0		0		41.641		0		0		0		41.641		0

		2		59.288		6.5		1.14E+01				0		59.288		59.288		59.288		0		0		59.288		59.288

		3		59.407		11.5		5.06E+00				59.407		0		59.407		59.407		0		0		59.407		59.407

		4		54.655		21.9		2.16E+01				0		0		0		0		0		0		54.655		54.655

		5		69.836		9.3		1.35E+01				69.836		0		69.836		69.836		69.836		0		69.836		69.836

		6		71.44		13.4		1.41E+01				0		0		71.44		71.44		0		0		71.44		71.44

		7		64.256		14.7		2.11E+01				0		0		64.256		0		0		0		64.256		64.256

		8		63.107		92.9		1.69E+01				0		0		0		0		0		0		63.107		63.107

		9		62.654		7.8		8.35E+00				0		62.654		62.654		62.654		62.654		62.654		62.654		62.654

		10		43.109		6.8		1.40E+01				0		0		43.109		43.109		0		0		43.109		43.109

		11		52.626		0.9		1.26E+00				0		0		0		0		0		0		0		0

		12		52.766		1.1		1.36E+00				0		0		0		0		0		0		0		0

		13		62.715		4.1		2.93E+00				0		0		62.715		0		0		0		62.715		62.715

		14		68.148		1.1		9.36E-01				0		0		0		0		0		0		0		0

		15		68.744		1.1		1.27E+00				0		0		0		0		0		0		0		0

		16		38.114		13.9		3.25E+00				0		0		38.114		0		0		0		38.114		38.114

		17		35.698		2.8		8.57E+00				0		35.698		0		35.698		0		35.698		35.698		35.698

		18		37.703		11.4		4.66E+00				37.703		0		37.703		37.703		0		0		37.703		37.703

		19		43.555		20.2		1.47E+01				0		0		0		43.555		0		0		43.555		43.555

		20		41.172		7.7		4.75E+00				0		0		41.172		41.172		41.172		0		41.172		41.172

		21		44.358		13.1		8.76E+00				0		44.358		44.358		44.358		0		44.358		44.358		44.358

		22		44.427		10.6		2.26E+01				44.427		0		44.427		0		44.427		0		44.427		44.427

		23		40.758		10.3		1.20E+01				40.758		40.758		40.758		40.758		40.758		0		40.758		40.758

		24		45.026		2.8		7.57E+00				0		0		0		45.026		0		45.026		45.026		45.026

		25		37.759		7.5		1.66E+01				0		0		37.759		37.759		37.759		0		37.759		37.759

		26		33.629		6.8		6.21E+00				0		0		33.629		33.629		0		0		33.629		33.629

		27		37.113		5.3		7.04E+00				0		0		37.113		37.113		0		37.113		37.113		37.113

		28		44.931		6.8		1.81E+01				0		0		44.931		0		0		0		44.931		44.931

		29		44.224		1.2		6.03E+00				0		0		0		44.224		0		0		0		44.224

		30		44.177		1.7		9.35E+00				0		44.177		0		44.177		0		44.177		0		44.177

		31		59.694		10.8		5.82E+00				59.694		0		59.694		59.694		59.694		0		59.694		59.694

		32		50.153		2.4		3.47E+00				0		0		0		0		0		0		0		50.153

		33		59.019		8.4		2.34E-01				59.019		0		59.019		0		59.019		0		59.019		0

		34		70.043		19.7		1.17E+01				0		70.043		0		70.043		0		0		70.043		70.043

		35		66.008		16.6		4.55E+00				0		0		66.008		66.008		0		0		66.008		66.008

		36		68.451		10.7		4.27E+00				68.451		0		68.451		68.451		68.451		0		68.451		68.451

		37		68.281		14.9		2.32E+01				0		0		68.281		0		0		0		68.281		68.281

		38		67.702		15.5		2.02E+01				0		0		67.702		0		0		0		67.702		67.702

		39		68.625		10.6		1.11E+01				68.625		68.625		68.625		68.625		68.625		0		68.625		68.625

		40		58.8		8.7		1.82E+01				58.8		0		58.8		0		58.8		0		58.8		58.8

		41		51.944		11.6		2.06E+01				51.944		0		51.944		0		0		0		51.944		51.944

		42		57.152		8.5		1.59E+01				57.152		0		57.152		57.152		57.152		0		57.152		57.152

		43		71.579		6.5		2.01E+01				0		0		71.579		0		0		0		71.579		71.579

		44		65.938		3.1		1.90E+01				0		0		0		0		0		0		65.938		65.938

		45		69.633		6.6		1.61E+01				0		0		69.633		69.633		0		0		69.633		69.633

								Volume (m^3) :				675.816		425.601		1701.198		1310.512		668.347		269.026		2079.22		2117.114

								Volume given by the rt.FUEL file :								1065





test 5

		Test number 5

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent Ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		11.2		1.82E-03				41.641		0		41.641		0		0		0		41.641		0

		2		59.288		5.5		1.37E+01				0		0		59.288		0		0		0		59.288		59.288

		3		59.407		9.2		9.30E+00				59.407		0		59.407		59.288		59.407		0		59.407		59.407

		4		54.655		18.5		1.92E+01				0		59.407		0		59.407		0		59.407		54.655		54.655

		5		69.836		6.6		1.40E+01				0		0		69.836		0		0		0		69.836		69.836

		6		71.44		11.7		1.50E+01				71.44		0		71.44		69.836		0		0		71.44		71.44

		7		64.256		8.5		1.79E+01				64.256		0		64.256		71.44		64.256		0		64.256		64.256

		8		63.107		13.9		1.60E+01				0		0		63.107		0		0		0		63.107		63.107

		9		62.654		1.7		2.97E+00				0		0		0		63.107		0		0		0		62.654

		10		43.109		3.8		1.19E+01				0		0		43.109		0		0		0		43.109		43.109

		11		52.626		0.3		1.09E+00				0		43.109		0		43.109		0		0		0		0

		12		52.766		0		7.59E-01				0		0		0		0		0		0		0		0

		13		62.715		2.6		1.87E+00				0		0		0		0		0		0		62.715		0

		14		68.148		0.4		1.68E+00				0		0		0		0		0		0		0		0

		15		68.744		0.1		1.21E+00				0		0		0		0		0		0		0		0

		16		38.114		13		6.41E-03				0		0		38.114		0		0		0		38.114		0

		17		35.698		2		7.97E+00				0		0		0		0		0		0		0		35.698

		18		37.703		6.3		1.35E+01				0		0		37.703		35.698		0		35.698		37.703		37.703

		19		43.555		17.4		6.60E+00				0		0		0		37.703		0		0		43.555		43.555

		20		41.172		7.1		9.61E+00				0		0		41.172		43.555		41.172		0		41.172		41.172

		21		44.358				1.40E+01				0		41.172		0		41.172		0		41.172		0		44.358

		22		44.427		7.7		1.80E+01				0		0		44.427		44.358		44.427		0		44.427		44.427

		23		40.758		9.6		1.10E+01				40.758		0		40.758		0		40.758		0		40.758		40.758

		24		45.026		1.4		6.64E+00				0		40.758		0		40.758		0		0		0		45.026

		25		37.759		6.1		1.50E+01				0		0		37.759		45.026		0		0		37.759		37.759

		26		33.629		2		5.82E+00				0		0		0		37.759		0		0		0		33.629

		27		37.113		1.4		4.11E+00				0		0		0		33.629		0		0		0		37.113

		28		44.931		6.1		1.23E+01				0		0		44.931		37.113		0		0		44.931		44.931

		29		44.224		0.6		4.07E+00				0		0		0		44.931		0		0		0		44.224

		30		44.177		0.2		7.71E+00				0		0		0		44.224		0		0		0		44.177

		31		59.694		9.6		4.47E-04				59.694		0		59.694		44.177		59.694		44.177		59.694		0

		32		50.153		3.8		1.91E+00				0		0		50.153		0		0		0		50.153		0

		33		59.019		6.6		1.29E+01				0		0		59.019		0		0		0		59.019		59.019

		34		70.043		16.4		5.66E+00				0		0		70.043		59.019		0		0		70.043		70.043

		35		66.008		11.5		1.27E+01				66.008		0		66.008		70.043		0		0		66.008		66.008

		36		68.451		10.7		1.21E+01				68.451		0		68.451		66.008		68.451		0		68.451		68.451

		37		68.281		10.2		1.96E+01				68.281		0		68.281		68.451		68.281		0		68.281		68.281

		38		67.702		12.7		1.76E+01				0		0		67.702		0		0		0		67.702		67.702

		39		68.625		8.5		1.21E+01				68.625		0		68.625		0		68.625		0		68.625		68.625

		40		58.8		4.8		1.61E+01				0		0		58.8		68.625		0		0		58.8		58.8

		41		51.944		8.5		1.72E+01				51.944		0		51.944		58.8		51.944		0		51.944		51.944

		42		57.152		9.6		1.38E+01				57.152		0		57.152		0		57.152		0		57.152		57.152

		43		71.579		1.7		1.64E+01				0		0		0		57.152		0		0		0		71.579

		44		65.938		2.5		1.51E+01				0		0		0		71.579		0		0		0		65.938

		45		69.633		6.3		1.47E+01				0		0		69.633		65.938		0		0		69.633		69.633

								Volume (m^3) :				717.657		184.446		1572.453		1481.905		624.167		180.454		1733.378		1965.457

								Volume given by the rt.FUEL file :								Problem





test 6

		Test number 6

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		13.9		3.90E-03				0		0		41.641		0		0		0		41.641		0

		2		59.288		7.5		1.48E+01				0		0		59.288		59.288		59.288		0		59.288		59.288

		3		59.407		15.6		6.55E+00				0		0		59.407		59.407		0		0		59.407		59.407

		4		54.655		20.7		2.21E+01				0		0		0		0		0		0		54.655		54.655

		5		69.836				1.49E+01				0		0		0		69.836		0		0		0		69.836

		6		71.44		10.6		1.57E+01				71.44		0		71.44		71.44		71.44		0		71.44		71.44

		7		64.256		8.5		2.05E+01				64.256		0		64.256		0		64.256		0		64.256		64.256

		8		63.107		8.3		1.83E+01				63.107		0		63.107		0		63.107		0		63.107		63.107

		9		62.654		4.8		6.87E+00				0		0		62.654		62.654		0		0		62.654		62.654

		10		43.109		1.8		1.91E+01				0		0		0		0		0		0		0		43.109

		11		52.626		0.5		6.99E-01				0		0		0		0		0		0		0		0

		12		52.766		0.2		3.99E-01				0		0		0		0		0		0		0		0

		13		62.715		3.3		4.95E-01				0		0		0		0		0		0		62.715		0

		14		68.148		1.5		1.22E-02				0		0		0		0		0		0		0		0

		15		68.744		0		1.57E-01				0		0		0		0		0		0		0		0

		16		38.114		17.8		2.09E-02				0		0		0		0		0		0		38.114		0

		17		35.698		9		1.27E+01				35.698		0		35.698		35.698		35.698		0		35.698		35.698

		18		37.703		15.5		1.28E+01				0		0		37.703		37.703		0		0		37.703		37.703

		19		43.555		16.1		1.01E+01				0		43.555		43.555		43.555		0		43.555		43.555		43.555

		20		41.172		12.4		1.01E+01				0		41.172		41.172		41.172		0		41.172		41.172		41.172

		21		44.358		10.8		1.45E+01				44.358		0		44.358		44.358		44.358		0		44.358		44.358

		22		44.427		7.8		2.16E+01				0		0		44.427		0		44.427		0		44.427		44.427

		23		40.758		4.5		1.44E+01				0		0		40.758		40.758		0		0		40.758		40.758

		24		45.026		3.4		1.13E+01				0		45.026		0		45.026		0		0		45.026		45.026

		25		37.759		6.1		2.10E+01				0		0		37.759		0		0		0		37.759		37.759

		26		33.629		1.9		2.43E+00				0		0		0		0		0		0		0		0

		27		37.113		0.9		5.32E+00				0		0		0		37.113		0		0		0		37.113

		28		44.931		2.8		2.58E+00				0		0		0		0		0		0		44.931		44.931

		29		44.224		1.4		1.55E+00				0		0		0		0		0		0		0		0

		30		44.177		0.4		4.13E+00				0		0		0		44.177		0		0		0		44.177

		31		59.694		10.4		1.23E-03				59.694		0		59.694		0		59.694		0		59.694		0

		32		50.153		11.1		4.91E+00				50.153		0		50.153		50.153		0		0		50.153		50.153

		33		59.019		6.3		1.20E+01				0		0		59.019		59.019		0		0		59.019		59.019

		34		70.043		18.3		5.78E+00				0		0		0		70.043		0		0		70.043		70.043

		35		66.008		17.4		1.22E+01				0		0		0		66.008		0		0		66.008		66.008

		36		68.451		9.6		1.27E+01				68.451		0		68.451		68.451		68.451		0		68.451		68.451

		37		68.281		12.4		2.21E+01				0		0		68.281		0		0		0		68.281		68.281

		38		67.702		12.3		1.90E+01				0		0		67.702		0		0		0		67.702		67.702

		39		68.625		10.9		1.63E+01				68.625		0		68.625		68.625		68.625		0		68.625		68.625

		40		58.8		7.7		2.13E+01				0		0		58.8		0		58.8		0		58.8		58.8

		41		51.944		10		1.34E+01				51.944		0		51.944		51.944		51.944		0		51.944		51.944

		42		57.152		11.5		1.33E+01				57.152		0		57.152		57.152		0		0		57.152		57.152

		43		71.579		4.3		1.11E+01				0		71.579		71.579		71.579		0		0		71.579		71.579

		44		65.938		4.2		9.80E+00				0		65.938		65.938		65.938		0		65.938		65.938		65.938

		45		69.633		1.9		1.03E+01				0		69.633		0		69.633		0		69.633		0		69.633

								Volume (m^3) :				634.878		336.903		1494.561		1390.73		690.088		220.298		1876.053		1937.757

								Volume given by the rt.FUEL file :								1045





test 7

		Test number 7

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		5.5		0.96				0		0		41.641		0		0		0		41.641		0

		2		59.288		-0.7		0.20				0		0		0		0		0		0		0		0

		3		59.407		0		0.02				0		0		0		0		0		0		0		0

		4		54.655		9.3		11.58				54.655		54.655		54.655		54.655		54.655		0		54.655		54.655

		5		69.836				4.81				0		0		0		69.836		0		0		0		69.836

		6		71.44		0.1		0.47				0		0		0		0		0		0		0		0

		7		64.256		10.8		16.06				64.256		0		64.256		64.256		64.256		0		64.256		64.256

		8		63.107				6.62				0		0		0		63.107		0		0		0		63.107

		9		62.654		1.5		2.32				0		0		0		0		0		0		0		0

		10		43.109				5.75				0		0		0		43.109		0		0		0		43.109

		11		52.626		8.5		4.78				52.626		0		52.626		52.626		52.626		0		52.626		52.626

		12		52.766		2.2		5.29				0		0		0		52.766		0		0		0		52.766

		13		62.715		8.6		1.99				62.715		0		62.715		0		62.715		0		62.715		0

		14		68.148		3.3		1.97				0		0		0		0		0		0		68.148		0

		15		68.744		2.3		5.65				0		0		0		68.744		0		0		0		68.744

		16		38.114		4		9.91				0		38.114		38.114		38.114		0		38.114		38.114		38.114

		17		35.698		0.2		3.25				0		0		0		0		0		0		0		35.698

		18		37.703		0.1		0.67				0		0		0		0		0		0		0		0

		19		43.555		15.7		30.55				0		0		43.555		0		0		0		43.555		43.555

		20		41.172		1.5		20.06				0		0		0		0		0		0		0		41.172

		21		44.358		0.7		5.76				0		0		0		44.358		0		0		0		44.358

		22		44.427		8.9		20.38				44.427		0		44.427		0		44.427		0		44.427		44.427

		23		40.758		3		17.81				0		0		0		0		0		0		40.758		40.758

		24		45.026		4.8		6.47				0		0		45.026		45.026		0		0		45.026		45.026

		25		37.759		10.9		23.39				37.759		0		37.759		0		37.759		0		37.759		37.759

		26		33.629		4.9		16.52				0		0		33.629		33.629		0		0		33.629		33.629

		27		37.113		3.1		9.04				0		37.113		0		37.113		0		37.113		37.113		37.113

		28		44.931		6.8		17.66				0		0		44.931		0		0		0		44.931		44.931

		29		44.224		4.3		11.95				0		44.224		44.224		44.224		0		0		44.224		44.224

		30		44.177		3.6		11.19				0		44.177		0		44.177		0		0		44.177		44.177

		31		59.694		3		18.00				0		0		0		0		0		0		59.694		59.694

		32		50.153		2		11.51				0		50.153		0		50.153		0		0		0		50.153

		33		59.019		-0.4		3.68				0		0		0		0		0		0		0		59.019

		34		70.043		10.1		29.80				70.043		0		70.043		0		70.043		0		70.043		70.043

		35		66.008		13.6		24.95				0		0		66.008		0		0		0		66.008		66.008

		36		68.451		2.7		15.43				0		0		0		68.451		0		0		68.451		68.451

		37		68.281		9.5		23.73				68.281		0		68.281		0		68.281		0		68.281		68.281

		38		67.702		10.7		23.28				67.702		0		67.702		0		67.702		0		67.702		67.702

		39		68.625		9.8		14.76				68.625		0		68.625		68.625		68.625		0		68.625		68.625

		40		58.8		6.7		23.41				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		7		19.99				0		0		51.944		0		0		0		51.944		51.944

		42		57.152		10.6		13.07				57.152		0		57.152		57.152		57.152		0		57.152		57.152

		43		71.579		11.2		21.61				71.579		0		71.579		0		0		0		71.579		71.579

		44		65.938		7.8		18.48				0		0		65.938		0		65.938		0		65.938		65.938

		45		69.633		7.9		13.72				0		0		69.633		69.633		69.633		0		69.633		69.633

								Volume (m^3) :				719.82		268.436		1323.263		1069.754		783.812		75.227		1641.604		1997.062

								Volume given by the rt.FUEL file :								761.9





test 8

		Test number 8

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		9.1		25.25				41.641		0		41.641		0		41.641		0		41.641		41.641

		2		59.288		-0.2		20.59				0		0		0		0		0		0		0		59.288

		3		59.407		0.1		3.98				0		0		0		59.407		0		0		0		59.407

		4		54.655		9.6		20.75				54.655		0		54.655		0		54.655		0		54.655		54.655

		5		69.836				11.84				0		69.836		0		69.836		0		0		0		69.836

		6		71.44		0		5.39				0		0		0		71.44		0		0		0		71.44

		7		64.256		12.7		39.78				0		0		64.256		0		0		0		64.256		64.256

		8		63.107		8		13.36				0		0		63.107		63.107		63.107		0		63.107		63.107

		9		62.654		5.2		8.34				0		62.654		62.654		62.654		0		62.654		62.654		62.654

		10		43.109		11.4		10.38				43.109		43.109		43.109		43.109		0		43.109		43.109		43.109

		11		52.626		9.4		7.03				52.626		0		52.626		52.626		52.626		52.626		52.626		52.626

		12		52.766		2.8		9.08				0		52.766		0		52.766		0		52.766		52.766		52.766

		13		62.715		10.4		8.62				62.715		62.715		62.715		62.715		62.715		62.715		62.715		62.715

		14		68.148		6.1		3.53				0		0		68.148		0		0		0		68.148		68.148

		15		68.744		4.7		3.03				0		0		68.744		0		0		0		68.744		68.744

		16		38.114		3.7		7.86				0		0		0		38.114		0		38.114		38.114		38.114

		17		35.698		0.6		8.72				0		35.698		0		35.698		0		35.698		0		35.698

		18		37.703		0		1.00				0		0		0		0		0		0		0		0

		19		43.555		15.7		9.63				0		43.555		43.555		43.555		0		43.555		43.555		43.555

		20		41.172		0.7		5.25				0		0		0		41.172		0		0		0		41.172

		21		44.358		1.2		2.14				0		0		0		0		0		0		0		0

		22		44.427		8.7		23.62				44.427		0		44.427		0		44.427		0		44.427		44.427

		23		40.758		8.6		18.88				40.758		0		40.758		0		40.758		0		40.758		40.758

		24		45.026		7.1		9.45				0		45.026		45.026		45.026		45.026		45.026		45.026		45.026

		25		37.759		9.2		30.91				37.759		0		37.759		0		37.759		0		37.759		37.759

		26		33.629		5.5		16.75				0		0		33.629		33.629		0		0		33.629		33.629

		27		37.113		5		17.36				0		0		37.113		0		0		0		37.113		37.113

		28		44.931		9.4		21.56				44.931		0		44.931		0		44.931		0		44.931		44.931

		29		44.224		6.5		11.37				0		44.224		44.224		44.224		0		0		44.224		44.224

		30		44.177		6.4		14.85				0		0		44.177		44.177		0		0		44.177		44.177

		31		59.694		4		0.23				0		0		59.694		0		0		0		59.694		0

		32		50.153		1.1		0.32				0		0		0		0		0		0		0		0

		33		59.019				0.10				0		0		0		0		0		0		0		0

		34		70.043		3.2		8.80				0		70.043		0		70.043		0		70.043		70.043		70.043

		35		66.008		13.8		7.39				0		0		66.008		66.008		0		66.008		66.008		66.008

		36		68.451		1.5		1.96				0		0		0		0		0		0		0		0

		37		68.281		8.5		31.12				68.281		0		68.281		0		68.281		0		68.281		68.281

		38		67.702		10.9		31.11				67.702		0		67.702		0		67.702		0		67.702		67.702

		39		68.625		10.9		15.15				68.625		0		68.625		68.625		68.625		0		68.625		68.625

		40		58.8		14		30.10				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		10.6		22.98				51.944		0		51.944		0		51.944		0		51.944		51.944

		42		57.152		10.4		22.18				57.152		0		57.152		0		57.152		0		57.152		57.152

		43		71.579		10.6		24.89				71.579		0		71.579		0		71.579		0		71.579		71.579

		44		65.938		9		20.48				65.938		0		65.938		0		65.938		0		65.938		65.938

		45		69.633		11		18.64				69.633		0		69.633		0		0		0		69.633		69.633

								Volume (m^3) :				943.475		529.626		1702.61		1067.931		938.866		572.314		1863.533		2140.68

								Volume given by the rt.FUEL file :								896





test 8 1m

		Test number 8

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		9.1		18.61				41.641		0		41.641		0		41.641		0		41.641		41.641

		2		59.288		-0.2		7.63				0		0		0		59.288		0		59.288		0		59.288

		3		59.407		0.1		0.32				0		0		0		0		0		0		0		0

		4		54.655		9.6		29.20				54.655		0		54.655		0		54.655		0		54.655		54.655

		5		69.836				8.55				0		69.836		0		69.836		0		69.836		0		69.836

		6		71.44		0		1.31				0		0		0		0		0		0		0		0

		7		64.256		12.7		21.87				0		0		64.256		0		0		0		64.256		64.256

		8		63.107		8		2.29				0		0		63.107		0		63.107		0		63.107		0

		9		62.654		5.2		1.26				0		0		62.654		0		0		0		62.654		0

		10		43.109		11.4		19.87				43.109		0		43.109		0		0		0		43.109		43.109

		11		52.626		9.4		3.45				52.626		0		52.626		0		52.626		0		52.626		52.626

		12		52.766		2.8		2.61				0		0		0		0		0		0		52.766		52.766

		13		62.715		10.4		5.44				62.715		0		62.715		62.715		62.715		0		62.715		62.715

		14		68.148		6.1		3.64				0		0		68.148		0		0		0		68.148		68.148

		15		68.744		4.7		2.87				0		0		68.744		0		0		0		68.744		68.744

		16		38.114		3.7		31.06				0		0		0		0		0		0		38.114		38.114

		17		35.698		0.6		12.66				0		0		0		35.698		0		0		0		35.698

		18		37.703		0		1.91				0		0		0		0		0		0		0		0

		19		43.555		15.7		31.29				0		0		43.555		0		0		0		43.555		43.555

		20		41.172		0.7		22.43				0		0		0		0		0		0		0		41.172

		21		44.358		1.2		12.12				0		0		0		44.358		0		0		0		44.358

		22		44.427		8.7		12.04				44.427		0		44.427		44.427		44.427		0		44.427		44.427

		23		40.758		8.6		14.12				40.758		0		40.758		40.758		40.758		0		40.758		40.758

		24		45.026		7.1		10.11				0		45.026		45.026		45.026		45.026		45.026		45.026		45.026

		25		37.759		9.2		15.71				37.759		0		37.759		37.759		37.759		0		37.759		37.759

		26		33.629		5.5		6.76				0		0		33.629		33.629		0		0		33.629		33.629

		27		37.113		5		6.51				0		0		37.113		37.113		0		0		37.113		37.113

		28		44.931		9.4		21.30				44.931		0		44.931		0		44.931		0		44.931		44.931

		29		44.224		6.5		7.14				0		0		44.224		44.224		0		44.224		44.224		44.224

		30		44.177		6.4		9.60				0		44.177		44.177		44.177		0		44.177		44.177		44.177

		31		59.694		4		32.34				0		0		59.694		0		0		0		59.694		59.694

		32		50.153		1.1		24.47				0		0		0		0		0		0		0		50.153

		33		59.019				9.91				0		59.019		0		59.019		0		59.019		0		59.019

		34		70.043		3.2		31.83				0		0		0		0		0		0		70.043		70.043

		35		66.008		13.8		29.18				0		0		66.008		0		0		0		66.008		66.008

		36		68.451		1.5		23.46				0		0		0		0		0		0		0		68.451

		37		68.281		8.5		18.32				68.281		0		68.281		0		68.281		0		68.281		68.281

		38		67.702		10.9		22.00				67.702		0		67.702		0		67.702		0		67.702		67.702

		39		68.625		10.9		19.24				68.625		0		68.625		0		68.625		0		68.625		68.625

		40		58.8		14		17.76				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		10.6		20.81				51.944		0		51.944		0		51.944		0		51.944		51.944

		42		57.152		10.4		17.13				57.152		0		57.152		0		57.152		0		57.152		57.152

		43		71.579		10.6		19.97				71.579		0		71.579		0		71.579		0		71.579		71.579

		44		65.938		9		17.74				65.938		0		65.938		0		65.938		0		65.938		65.938

		45		69.633		11		18.23				69.633		0		69.633		0		0		0		69.633		69.633

								Volume (m^3) :				943.475		218.058		1702.61		658.027		938.866		321.57		1863.533		2165.747

								Volume given by the rt.FUEL file :								667





test 9

		Test number 9

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		6		3.05E+00				0		0		41.641		0		0		0		41.641		41.641

		2		59.288		6.8		4.66E+00				0		0		59.288		59.288		0		0		59.288		59.288

		3		59.407		2.4		3.84E+00				0		0		0		59.407		0		0		0		59.407

		4		54.655				4.67E-01				0		0		0		0		0		0		0		0

		5		69.836				1.99E+00				0		0		0		0		0		0		0		0

		6		71.44		4.8		3.48E+00				0		0		71.44		0		0		0		71.44		71.44

		7		64.256		2		5.59E-02				0		0		0		0		0		0		0		0

		8		63.107				3.49E-02				0		0		0		0		0		0		0		0

		9		62.654		2		3.45E-02				0		0		0		0		0		0		0		0

		10		43.109		0.4		6.55E-02				0		0		0		0		0		0		0		0

		11		52.626		1		8.78E-02				0		0		0		0		0		0		0		0

		12		52.766		1.2		9.75E-02				0		0		0		0		0		0		0		0

		13		62.715		0.5		4.85E-02				0		0		0		0		0		0		0		0

		14		68.148		0.5		5.79E-02				0		0		0		0		0		0		0		0

		15		68.744		1.1		6.86E-02				0		0		0		0		0		0		0		0

		16		38.114		8.3		7.43E+00				38.114		0		38.114		38.114		38.114		38.114		38.114		38.114

		17		35.698		8		7.91E+00				0		0		35.698		35.698		35.698		35.698		35.698		35.698

		18		37.703		4.2		5.30E+00				0		0		37.703		37.703		0		0		37.703		37.703

		19		43.555		3.8		1.85E+00				0		0		43.555		0		0		0		43.555		0

		20		41.172		6.1		4.73E+00				0		0		41.172		41.172		0		0		41.172		41.172

		21		44.358		5.8		4.11E+00				0		0		44.358		44.358		0		0		44.358		44.358

		22		44.427		1.9		8.16E-02				0		0		0		0		0		0		0		0

		23		40.758		1.6		1.92E-01				0		0		0		0		0		0		0		0

		24		45.026				2.69E-01				0		0		0		0		0		0		0		0

		25		37.759				6.69E-02				0		0		0		0		0		0		0		0

		26		33.629		0.7		1.16E-01				0		0		0		0		0		0		0		0

		27		37.113		1.2		2.29E-01				0		0		0		0		0		0		0		0

		28		44.931		0.6		5.96E-02				0		0		0		0		0		0		0		0

		29		44.224		0.7		6.29E-02				0		0		0		0		0		0		0		0

		30		44.177		1		7.36E-02				0		0		0		0		0		0		0		0

		31		59.694		5.4		8.28E+00				0		59.694		59.694		59.694		0		59.694		59.694		59.694

		32		50.153		9.1		1.08E+01				50.153		50.153		50.153		50.153		50.153		50.153		50.153		50.153

		33		59.019		7.3		1.13E+01				0		59.019		59.019		59.019		59.019		0		59.019		59.019

		34		70.043		5.1		2.69E+00				0		0		70.043		0		0		0		70.043		70.043

		35		66.008		9.8		1.28E+01				66.008		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		8.8		8.61E+00				68.451		68.451		68.451		68.451		68.451		68.451		68.451		68.451

		37		68.281				7.55E-02				0		0		0		0		0		0		0		0

		38		67.702		6.1		7.45E-01				0		0		67.702		0		0		0		67.702		0

		39		68.625		4.1		7.11E-01				0		0		68.625		0		0		0		68.625		0

		40		58.8		0.6		7.56E-02				0		0		0		0		0		0		0		0

		41		51.944		1		1.22E-01				0		0		0		0		0		0		0		0

		42		57.152		1.1		3.89E-01				0		0		0		0		0		0		0		0

		43		71.579				8.34E-02				0		0		0		0		0		0		0		0

		44		65.938				6.26E-02				0		0		0		0		0		0		0		0

		45		69.633		1		1.16E-01				0		0		0		0		0		0		0		0

								Volume (m^3) :				222.726		237.317		922.664		619.065		317.443		252.11		922.664		802.189

								Volume given by the rt.FUEL file :								626





test 9 1m

		Test number 9

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		6		1.44				0		0		41.641		0		0		0		41.641		0

		2		59.288		6.8		1.67				0		0		59.288		0		0		0		59.288		0

		3		59.407		2.4		1.20				0		0		0		0		0		0		0		0

		4		54.655				0.16				0		0		0		0		0		0		0		0

		5		69.836				1.45				0		0		0		0		0		0		0		0

		6		71.44		4.8		1.60				0		0		71.44		0		0		0		71.44		0

		7		64.256		2		0.13				0		0		0		0		0		0		0		0

		8		63.107				0.25				0		0		0		0		0		0		0		0

		9		62.654		2		0.33				0		0		0		0		0		0		0		0

		10		43.109		0.4		0.07				0		0		0		0		0		0		0		0

		11		52.626		1		0.12				0		0		0		0		0		0		0		0

		12		52.766		1.2		0.09				0		0		0		0		0		0		0		0

		13		62.715		0.5		0.01				0		0		0		0		0		0		0		0

		14		68.148		0.5		0.01				0		0		0		0		0		0		0		0

		15		68.744		1.1		0.01				0		0		0		0		0		0		0		0

		16		38.114		8.3		7.36				38.114		0		38.114		38.114		38.114		38.114		38.114		38.114

		17		35.698		8		3.82				0		0		35.698		35.698		35.698		0		35.698		35.698

		18		37.703		4.2		4.11				0		0		37.703		37.703		0		0		37.703		37.703

		19		43.555		3.8		1.47				0		0		43.555		0		0		0		43.555		0

		20		41.172		6.1		2.46				0		0		41.172		0		0		0		41.172		0

		21		44.358		5.8		1.60				0		0		44.358		0		0		0		44.358		0

		22		44.427		1.9		0.15				0		0		0		0		0		0		0		0

		23		40.758		1.6		0.35				0		0		0		0		0		0		0		0

		24		45.026				0.40				0		0		0		0		0		0		0		0

		25		37.759				0.06				0		0		0		0		0		0		0		0

		26		33.629		0.7		0.16				0		0		0		0		0		0		0		0

		27		37.113		1.2		0.08				0		0		0		0		0		0		0		0

		28		44.931		0.6		0.01				0		0		0		0		0		0		0		0

		29		44.224		0.7		0.02				0		0		0		0		0		0		0		0

		30		44.177		1		0.01				0		0		0		0		0		0		0		0

		31		59.694		5.4		9.80				0		59.694		59.694		59.694		0		59.694		59.694		59.694

		32		50.153		9.1		9.29				50.153		50.153		50.153		50.153		50.153		50.153		50.153		50.153

		33		59.019		7.3		9.37				0		59.019		59.019		59.019		59.019		59.019		59.019		59.019

		34		70.043		5.1		2.72				0		0		70.043		0		0		0		70.043		70.043

		35		66.008		9.8		11.82				66.008		66.008		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		8.8		5.90				68.451		0		68.451		68.451		68.451		0		68.451		68.451

		37		68.281				0.21				0		0		0		0		0		0		0		0

		38		67.702		6.1		3.10				0		0		67.702		0		0		0		67.702		67.702

		39		68.625		4.1		0.88				0		0		68.625		0		0		0		68.625		0

		40		58.8		0.6		0.04				0		0		0		0		0		0		0		0

		41		51.944		1		0.27				0		0		0		0		0		0		0		0

		42		57.152		1.1		0.23				0		0		0		0		0		0		0		0

		43		71.579				0.02				0		0		0		0		0		0		0		0

		44		65.938				0.11				0		0		0		0		0		0		0		0

		45		69.633		1		0.11				0		0		0		0		0		0		0		0

								Volume (m^3) :				222.726		234.874		922.664		414.84		317.443		206.98		922.664		552.585

								Volume given by the rt.FUEL file :								524





test 10

		Test number 10

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		3.3		5.20				0		0		0		41.641		0		0		41.641		41.641

		2		59.288		5.6		6.38				0		0		59.288		59.288		0		0		59.288		59.288

		3		59.407		3.9		6.05				0		0		59.407		59.407		0		0		59.407		59.407

		4		54.655				0.63				0		0		0		0		0		0		0		0

		5		69.836				2.11				0		0		0		0		0		0		0		0

		6		71.44		7.1		5.06				0		0		71.44		71.44		71.44		0		71.44		71.44

		7		64.256				0.24				0		0		0		0		0		0		0		0

		8		63.107		0.7		0.03				0		0		0		0		0		0		0		0

		9		62.654		0.6		0.00				0		0		0		0		0		0		0		0

		10		43.109		0.2		0.08				0		0		0		0		0		0		0		0

		11		52.626		0.1		0.07				0		0		0		0		0		0		0		0

		12		52.766		0.4		0.04				0		0		0		0		0		0		0		0

		13		62.715				0.04				0		0		0		0		0		0		0		0

		14		68.148		0.1		0.04				0		0		0		0		0		0		0		0

		15		68.744		0.2		0.05				0		0		0		0		0		0		0		0

		16		38.114		8.4		8.92				38.114		38.114		38.114		38.114		38.114		38.114		38.114		38.114

		17		35.698		7.2		9.36				0		35.698		35.698		35.698		35.698		35.698		35.698		35.698

		18		37.703		8.4		11.31				37.703		37.703		37.703		37.703		37.703		0		37.703		37.703

		19		43.555		2.6		2.70				0		0		0		0		0		0		43.555		43.555

		20		41.172		4.5		4.61				0		0		41.172		41.172		0		0		41.172		41.172

		21		44.358		6.6		6.13				0		0		44.358		44.358		0		0		44.358		44.358

		22		44.427		0.4		0.11				0		0		0		0		0		0		0		0

		23		40.758		0.6		0.12				0		0		0		0		0		0		0		0

		24		45.026		0.6		0.03				0		0		0		0		0		0		0		0

		25		37.759		0.3		0.05				0		0		0		0		0		0		0		0

		26		33.629		0.8		0.10				0		0		0		0		0		0		0		0

		27		37.113		0.6		0.14				0		0		0		0		0		0		0		0

		28		44.931		0.2		0.05				0		0		0		0		0		0		0		0

		29		44.224		0.1		0.06				0		0		0		0		0		0		0		0

		30		44.177		0.5		0.06				0		0		0		0		0		0		0		0

		31		59.694		6.8		9.53				0		59.694		59.694		59.694		0		59.694		59.694		59.694

		32		50.153		9.3		11.43				50.153		50.153		50.153		50.153		50.153		0		50.153		50.153

		33		59.019		6.9		12.79				0		0		59.019		59.019		0		0		59.019		59.019

		34		70.043				2.67				0		0		0		0		0		0		0		70.043

		35		66.008		9.2		14.28				66.008		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		9.8		11.55				68.451		68.451		68.451		68.451		68.451		0		68.451		68.451

		37		68.281				0.07				0		0		0		0		0		0		0		0

		38		67.702		3.8		0.82				0		0		67.702		0		0		0		67.702		0

		39		68.625		3.3		0.33				0		0		0		0		0		0		68.625		0

		40		58.8		0.3		0.07				0		0		0		0		0		0		0		0

		41		51.944		0.5		0.13				0		0		0		0		0		0		0		0

		42		57.152		0.2		0.19				0		0		0		0		0		0		0		0

		43		71.579				0.07				0		0		0		0		0		0		0		0

		44		65.938				0.06				0		0		0		0		0		0		0		0

		45		69.633				0.09				0		0		0		0		0		0		0		0

								Volume (m^3) :				260.429		289.813		758.207		690.505		367.567		133.506		912.028		845.744

								Volume given by the rt.FUEL file :								739





test 11

		Test number 11

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		0		7.84E-10				0		0		0		0		0		0		0		0

		2		59.288		0.1		2.66E-09				0		0		0		0		0		0		0		0

		3		59.407		0		9.69E-10				0		0		0		0		0		0		0		0

		4		54.655		nw		3.21E-05				0		0		0		0		0		0		54.655		0

		5		69.836		nw		5.78E-06				0		0		0		0		0		0		69.836		0

		6		71.44		0		3.52E-07				0		0		0		0		0		0		0		0

		7		64.256		0.6		1.26E-04				0		0		0		0		0		0		0		0

		8		63.107		0.2		3.17E-04				0		0		0		0		0		0		0		0

		9		62.654		0.4		8.84E-05				0		0		0		0		0		0		0		0

		10		43.109		5.8		4.87E+00				0		0		43.109		43.109		0		0		43.109		43.109

		11		52.626		3.5		2.87E-02				0		0		0		0		0		0		52.626		0

		12		52.766		2.9		2.70E-02				0		0		0		0		0		0		52.766		0

		13		62.715		7		7.10E+00				0		0		62.715		62.715		0		62.715		62.715		62.715

		14		68.148		5.3		1.78E+00				0		0		68.148		0		0		0		68.148		0

		15		68.744		0.8		1.64E+00				0		0		0		0		0		0		0		0

		16		38.114		nw		3.98E-08				0		0		0		0		0		0		38.114		0

		17		35.698		nw		7.41E-08				0		0		0		0		0		0		35.698		0

		18		37.703		0		4.20E-09				0		0		0		0		0		0		0		0

		19		43.555		0		1.41E-04				0		0		0		0		0		0		0		0

		20		41.172		0		1.16E-04				0		0		0		0		0		0		0		0

		21		44.358		0.1		5.44E-06				0		0		0		0		0		0		0		0

		22		44.427		nw		9.31E-04				0		0		0		0		0		0		44.427		0

		23		40.758		0		4.36E-03				0		0		0		0		0		0		0		0

		24		45.026		0.8		1.52E-02				0		0		0		0		0		0		0		0

		25		37.759		7.2		5.56E+00				0		0		37.759		37.759		37.759		0		37.759		37.759

		26		33.629		10.2		5.80E-01				33.629		0		33.629		0		33.629		0		33.629		0

		27		37.113		6.4		1.31E+00				0		0		37.113		0		0		0		37.113		0

		28		44.931		7.5		9.58E+00				0		44.931		44.931		44.931		44.931		44.931		44.931		44.931

		29		44.224		6.7		3.85E+00				0		0		44.224		44.224		0		0		44.224		44.224

		30		44.177		4.4		2.56E+00				0		0		44.177		0		0		0		44.177		44.177

		31		59.694		0		2.75E-08				0		0		0		0		0		0		0		0

		32		50.153		0		2.97E-08				0		0		0		0		0		0		0		0

		33		59.019		nw		6.58E-09				0		0		0		0		0		0		59.019		0

		34		70.043		nw		1.53E-04				0		0		0		0		0		0		70.043		0

		35		66.008		0.2		5.88E-03				0		0		0		0		0		0		0		0

		36		68.451		nw		2.10E-04				0		0		0		0		0		0		68.451		0

		37		68.281		nw		8.05E-03				0		0		0		0		0		0		68.281		0

		38		67.702		1.2		3.71E+00				0		0		0		0		0		0		0		67.702

		39		68.625		0.9		3.70E+00				0		0		0		0		0		0		0		68.625

		40		58.8		5.7		3.37E+00				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		10.2		1.05E+01				51.944		51.944		51.944		51.944		51.944		51.944		51.944		51.944

		42		57.152		6.1		7.91E+00				0		0		57.152		57.152		0		57.152		57.152		57.152

		43		71.579		6.8		1.01E+01				0		71.579		71.579		71.579		0		71.579		71.579		71.579

		44		65.938		4.2		8.19E+00				0		65.938		65.938		65.938		0		65.938		65.938		65.938

		45		69.633		7.2		9.16E+00				0		69.633		69.633		69.633		69.633		69.633		69.633		69.633

								Volume (m^3) :				85.573		304.025		790.851		548.984		237.896		423.892		1404.767		788.288

								Volume given by the rt.FUEL file :								647





test 12

		Test number 12

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		-0.1		1.77E-09				0		0		0		0		0		0		0		0

		2		59.288		0		1.14E-08				0		0		0		0		0		0		0		0

		3		59.407		0		1.27E-09				0		0		0		0		0		0		0		0

		4		54.655		nw		1.26E-04				0		0		0		0		0		0		54.655		0

		5		69.836		nw		1.65E-05				0		0		0		0		0		0		69.836		0

		6		71.44		0.1		3.40E-07				0		0		0		0		0		0		0		0

		7		64.256		0.2		9.08E-05				0		0		0		0		0		0		0		0

		8		63.107		0.2		2.69E-04				0		0		0		0		0		0		0		0

		9		62.654		0.1		2.02E-04				0		0		0		0		0		0		0		0

		10		43.109		3.9		4.14E+00				0		0		43.109		43.109		0		0		43.109		43.109

		11		52.626		2.8		4.41E-02				0		0		0		0		0		0		52.626		0

		12		52.766		0.3		4.07E-02				0		0		0		0		0		0		0		0

		13		62.715		6.6		5.73E+00				0		0		62.715		62.715		0		0		62.715		62.715

		14		68.148		4.8		1.11E+00				0		0		68.148		0		0		0		68.148		0

		15		68.744		1.8		6.00E-01				0		0		0		0		0		0		0		0

		16		38.114		nw		1.65E-07				0		0		0		0		0		0		38.114		0

		17		35.698		nw		3.67E-07				0		0		0		0		0		0		35.698		0

		18		37.703		0.1		4.21E-09				0		0		0		0		0		0		0		0

		19		43.555		0.1		4.63E-04				0		0		0		0		0		0		0		0

		20		41.172		0.1		2.80E-04				0		0		0		0		0		0		0		0

		21		44.358		0.1		3.67E-06				0		0		0		0		0		0		0		0

		22		44.427		0.1		7.97E-04				0		0		0		0		0		0		0		0

		23		40.758		nw		3.14E-03				0		0		0		0		0		0		40.758		0

		24		45.026		0.1		1.84E-02				0		0		0		0		0		0		0		0

		25		37.759		nw		4.54E+00				0		0		0		37.759		0		0		37.759		37.759

		26		33.629		10.5		6.24E-01				33.629		0		33.629		0		33.629		0		33.629		0

		27		37.113		5		1.55E+00				0		0		37.113		0		0		0		37.113		0

		28		44.931		5.9		8.33E+00				0		44.931		44.931		44.931		0		44.931		44.931		44.931

		29		44.224		7.8		1.99E+00				0		0		44.224		0		44.224		0		44.224		0

		30		44.177		2.3		4.17E-01				0		0		0		0		0		0		0		0

		31		59.694		0		1.90E-08				0		0		0		0		0		0		0		0

		32		50.153		0.1		1.00E-07				0		0		0		0		0		0		0		0

		33		59.019		nw		6.08E-09				0		0		0		0		0		0		59.019		0

		34		70.043		nw		3.70E-04				0		0		0		0		0		0		70.043		0

		35		66.008		0.2		1.14E-02				0		0		0		0		0		0		0		0

		36		68.451		0		8.04E-05				0		0		0		0		0		0		0		0

		37		68.281		nw		8.21E-02				0		0		0		0		0		0		68.281		0

		38		67.702		0.5		3.00E+00				0		0		0		0		0		0		0		67.702

		39		68.625		nw		3.22E+00				0		0		0		0		0		0		68.625		68.625

		40		58.8		nw		3.53E+00				0		0		0		0		0		0		58.8		58.8

		41		51.944		9.9		9.23E+00				51.944		51.944		51.944		51.944		51.944		51.944		51.944		51.944

		42		57.152		nw		7.60E+00				0		0		0		57.152		0		57.152		57.152		57.152

		43		71.579		5.8		9.23E+00				0		71.579		71.579		71.579		0		71.579		71.579		71.579

		44		65.938		nw		6.19E+00				0		0		0		65.938		0		0		65.938		65.938

		45		69.633				8.42E+00				0		69.633		0		69.633				69.633		0		69.633

								Volume (m^3) :				85.573		238.087		457.392		504.76		129.797		295.239		1234.696		699.887

								Volume given by the rt.FUEL file :								615





test 13

		Test number 13

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 % -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		9.5		1.41E+01				41.641		0		41.641		41.641		41.641		0		41.641		41.641

		2		59.288		9		1.10E+01				59.288		59.288		59.288		59.288		59.288		0		59.288		59.288

		3		59.407		7.3		8.24E+00				0		59.407		59.407		59.407		59.407		59.407		59.407		59.407

		4		54.655		9.2		9.62E+00				54.655		54.655		54.655		54.655		54.655		54.655		54.655		54.655

		5		69.836		9		2.16E+00				69.836		0		69.836		0		69.836		0		69.836		0

		6		71.44		5.6		1.98E+00				0		0		71.44		0		0		0		71.44		0

		7		64.256		8.2		1.19E+00				64.256		0		64.256		0		64.256		0		64.256		0

		8		63.107		8.9		1.29E+00				63.107		0		63.107		0		63.107		0		63.107		0

		9		62.654		4.2		1.36E+00				0		0		62.654		0		0		0		62.654		0

		10		43.109		2.2		9.82E-01				0		0		0		0		0		0		0		0

		11		52.626		2.4		1.08E+00				0		0		0		0		0		0		0		0

		12		52.766		2.8		1.06E+00				0		0		0		0		0		0		52.766		0

		13		62.715		1.7		9.67E-01				0		0		0		0		0		0		0		0

		14		68.148		2.3		9.79E-01				0		0		0		0		0		0		0		0

		15		68.744		1.9		9.37E-01				0		0		0		0		0		0		0		0

		16		38.114		8.8		1.40E+01				38.114		0		38.114		38.114		38.114		0		38.114		38.114

		17		35.698		9.1		1.26E+01				35.698		0		35.698		35.698		35.698		0		35.698		35.698

		18		37.703		8.1		1.08E+01				37.703		37.703		37.703		37.703		37.703		37.703		37.703		37.703

		19		43.555		9.6		1.34E+01				43.555		0		43.555		43.555		43.555		0		43.555		43.555

		20		41.172		8.7		1.08E+01				41.172		41.172		41.172		41.172		41.172		41.172		41.172		41.172

		21		44.358		7.5		4.28E+00				0		0		44.358		44.358		44.358		0		44.358		44.358

		22		44.427		10		3.44E+00				44.427		0		44.427		0		44.427		0		44.427		44.427

		23		40.758		5.5		2.01E+00				0		0		40.758		0		0		0		40.758		0

		24		45.026		4		1.15E+00				0		0		45.026		0		0		0		45.026		0

		25		37.759		2		1.20E+00				0		0		0		0		0		0		0		0

		26		33.629		2.2		1.08E+00				0		0		0		0		0		0		0		0

		27		37.113		2.5		1.01E+00				0		0		0		0		0		0		0		0

		28		44.931		2.3		1.09E+00				0		0		0		0		0		0		0		0

		29		44.224		1.9		1.15E+00				0		0		0		0		0		0		0		0

		30		44.177		3		1.35E+00				0		0		0		0		0		0		44.177		0

		31		59.694		8.7		1.39E+01				59.694		0		59.694		59.694		59.694		0		59.694		59.694

		32		50.153		9		1.32E+01				50.153		0		50.153		50.153		50.153		0		50.153		50.153

		33		59.019		8		1.11E+01				0		59.019		59.019		59.019		59.019		0		59.019		59.019

		34		70.043		9.5		1.35E+01				70.043		0		70.043		70.043		70.043		0		70.043		70.043

		35		66.008		9.3		1.14E+01				66.008		66.008		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		8.9		5.26E+00				68.451		0		68.451		68.451		68.451		0		68.451		68.451

		37		68.281		9.4		8.87E+00				68.281		68.281		68.281		68.281		68.281		68.281		68.281		68.281

		38		67.702		9.2		6.70E+00				67.702		0		67.702		67.702		67.702		0		67.702		67.702

		39		68.625		9		1.11E+00				68.625		0		68.625		0		68.625		0		68.625		0

		40		58.8		2.1		2.68E+00				0		0		0		0		0		0		0		58.8

		41		51.944		2.7		1.77E+00				0		0		0		0		0		0		51.944		0

		42		57.152		2.8		1.22E+00				0		0		0		0		0		0		57.152		0

		43		71.579		2.1		2.07E+00				0		0		0		0		0		0		0		0

		44		65.938		2		2.88E+00				0		0		0		0		0		0		0		65.938

		45		69.633		2.5		1.84E+00				0		0		0		0		0		0		0		0

								Volume (m^3) :				1070.768		445.533		1453.43		923.301		1233.552		261.218		1701.11		1134.107

								Volume given by the rt.FUEL file :								967





test 14

		Test number 14

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		3.4		7.58E+00				0		0		0		41.641		0		41.641		41.641		41.641

		2		59.288		1.7		3.56E+00				0		0		0		0		0		0		0		59.288

		3		59.407		3.8		3.46E+00				0		0		59.407		0		0		0		59.407		59.407

		4		54.655		1.4		1.09E-01				0		0		0		0		0		0		0		0

		5		69.836		3.1		3.17E-01				0		0		0		0		0		0		69.836		0

		6		71.44		0.6		8.16E-01				0		0		0		0		0		0		0		0

		7		64.256		0		9.82E-02				0		0		0		0		0		0		0		0

		8		63.107		0		7.32E-02				0		0		0		0		0		0		0		0

		9		62.654		0.3		4.91E-02				0		0		0		0		0		0		0		0

		10		43.109		0		1.08E-01				0		0		0		0		0		0		0		0

		11		52.626		0.1		8.55E-02				0		0		0		0		0		0		0		0

		12		52.766		0.1		1.46E-02				0		0		0		0		0		0		0		0

		13		62.715		0		1.04E-01				0		0		0		0		0		0		0		0

		14		68.148		0.1		1.66E-01				0		0		0		0		0		0		0		0

		15		68.744		0		4.76E-02				0		0		0		0		0		0		0		0

		16		38.114		6.9		1.48E+01				0		0		38.114		38.114		0		0		38.114		38.114

		17		35.698		5.2		1.17E+01				0		35.698		35.698		35.698		0		0		35.698		35.698

		18		37.703		6.1		1.14E+01				0		37.703		37.703		37.703		0		0		37.703		37.703

		19		43.555		0.3		1.41E+00				0		0		0		0		0		0		0		0

		20		41.172		1.7		1.88E+01				0		0		0		0		0		0		0		41.172

		21		44.358		0.6		3.49E+00				0		0		0		0		0		0		0		44.358

		22		44.427		0.2		9.55E-01				0		0		0		0		0		0		0		0

		23		40.758		0.3		1.42E+00				0		0		0		0		0		0		0		0

		24		45.026		0.9		6.82E-01				0		0		0		0		0		0		0		0

		25		37.759		0.2		5.78E-01				0		0		0		0		0		0		0		0

		26		33.629		0.7		7.51E-01				0		0		0		0		0		0		0		0

		27		37.113		1		2.52E-01				0		0		0		0		0		0		0		0

		28		44.931		0.2		3.96E-01				0		0		0		0		0		0		0		0

		29		44.224		0.2		8.62E-01				0		0		0		0		0		0		0		0

		30		44.177		0.3		4.88E-01				0		0		0		0		0		0		0		0

		31		59.694		7.6		1.52E+01				0		0		59.694		59.694		59.694		0		59.694		59.694

		32		50.153		6		1.46E+01				0		0		50.153		50.153		0		0		50.153		50.153

		33		59.019		7		1.47E+01				0		0		59.019		59.019		0		0		59.019		59.019

		34		70.043		7.8		1.03E+01				0		70.043		70.043		70.043		70.043		70.043		70.043		70.043

		35		66.008		9.5		1.35E+01				66.008		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		1.6		5.70E+00				0		0		0		68.451		0		0		0		68.451

		37		68.281		5.4		5.01E+00				0		0		68.281		68.281		0		0		68.281		68.281

		38		67.702		6.2		3.46E+00				0		0		67.702		0		0		0		67.702		67.702

		39		68.625		7		2.55E+00				0		0		68.625		0		0		0		68.625		68.625

		40		58.8		4.7		3.31E+00				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		4.5		2.96E+00				0		0		51.944		0		0		0		51.944		51.944

		42		57.152		5		9.79E-01				0		0		57.152		0		0		0		57.152		0

		43		71.579		4.3		3.66E+00				0		0		71.579		0		0		0		71.579		71.579

		44		65.938		5.2		3.44E+00				0		0		65.938		0		0		0		65.938		65.938

		45		69.633		2		1.26E+00				0		0		0		0		0		0		0		0

								Volume (m^3) :				66.008		143.444		985.86		553.164		195.745		70.043		1097.337		1183.618

								Volume given by the rt.FUEL file :								877





test 14 1m

		Test number 14

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		3.4		7.13E+00				0		0		0		41.641		0		41.641		41.641		41.641

		2		59.288		1.7		2.96E+00				0		0		0		0		0		0		0		59.288

		3		59.407		3.8		2.59E+00				0		0		59.407		0		0		0		59.407		59.407

		4		54.655		1.4		1.10E-01				0		0		0		0		0		0		0		0

		5		69.836		3.1		1.29E-01				0		0		0		0		0		0		69.836		0

		6		71.44		0.6		3.61E-01				0		0		0		0		0		0		0		0

		7		64.256		0		1.21E-01				0		0		0		0		0		0		0		0

		8		63.107		0		6.00E-02				0		0		0		0		0		0		0		0

		9		62.654		0.3		1.08E-02				0		0		0		0		0		0		0		0

		10		43.109		0		1.47E-01				0		0		0		0		0		0		0		0

		11		52.626		0.1		1.03E-01				0		0		0		0		0		0		0		0

		12		52.766		0.1		6.65E-03				0		0		0		0		0		0		0		0

		13		62.715		0		1.53E-01				0		0		0		0		0		0		0		0

		14		68.148		0.1		1.92E-01				0		0		0		0		0		0		0		0

		15		68.744		0		5.77E-02				0		0		0		0		0		0		0		0

		16		38.114		6.9		1.23E+01				0		0		38.114		38.114		0		0		38.114		38.114

		17		35.698		5.2		1.13E+01				0		35.698		35.698		35.698		0		0		35.698		35.698

		18		37.703		6.1		8.69E+00				0		37.703		37.703		37.703		0		37.703		37.703		37.703

		19		43.555		0.3		1.34E+00				0		0		0		0		0		0		0		0

		20		41.172		1.7		1.99E+00				0		0		0		0		0		0		0		0

		21		44.358		0.6		1.86E+00				0		0		0		0		0		0		0		0

		22		44.427		0.2		5.94E-01				0		0		0		0		0		0		0		0

		23		40.758		0.3		1.59E+00				0		0		0		0		0		0		0		0

		24		45.026		0.9		3.06E-01				0		0		0		0		0		0		0		0

		25		37.759		0.2		3.56E-01				0		0		0		0		0		0		0		0

		26		33.629		0.7		0.00E+00				0		0		0		0		0		0		0		0

		27		37.113		1		1.65E-01				0		0		0		0		0		0		0		0

		28		44.931		0.2		3.75E-01				0		0		0		0		0		0		0		0

		29		44.224		0.2		5.92E-01				0		0		0		0		0		0		0		0

		30		44.177		0.3		4.21E-01				0		0		0		0		0		0		0		0

		31		59.694		7.6		1.34E+01				0		0		59.694		59.694		59.694		0		59.694		59.694

		32		50.153		6		1.26E+01				0		0		50.153		50.153		0		0		50.153		50.153

		33		59.019		7		1.24E+01				0		0		59.019		59.019		0		0		59.019		59.019

		34		70.043		7.8		7.14E+00				0		0		70.043		70.043		70.043		70.043		70.043		70.043

		35		66.008		9.5		9.11E+00				66.008		66.008		66.008		66.008		66.008		66.008		66.008		66.008

		36		68.451		1.6		6.87E+00				0		0		0		68.451		0		0		0		68.451

		37		68.281		5.4		5.45E+00				0		0		68.281		68.281		0		0		68.281		68.281

		38		67.702		6.2		4.97E+00				0		0		67.702		67.702		0		0		67.702		67.702

		39		68.625		7		2.07E+00				0		0		68.625		0		0		0		68.625		0

		40		58.8		4.7		3.04E+00				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		4.5		3.77E+00				0		0		51.944		51.944		0		0		51.944		51.944

		42		57.152		5		1.17E+00				0		0		57.152		0		0		0		57.152		0

		43		71.579		4.3		2.91E+00				0		0		71.579		0		0		0		71.579		71.579

		44		65.938		5.2		2.62E+00				0		0		65.938		0		0		0		65.938		65.938

		45		69.633		2		1.75E+00				0		0		0		0		0		0		0		0

								Volume (m^3) :				66.008		139.409		985.86		672.81		195.745		173.754		1097.337		1029.463

								Volume given by the rt.FUEL file :								869





test 15

		Test number 15

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Oberved		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		18.8		2.18E+01				0		0		0		0		0		0		41.641		41.641

		2		59.288		8.9		4.82E+00				59.288		0		59.288		59.288		59.288		0		59.288		59.288

		3		59.407		9.4		7.69E+00				59.407		0		59.407		59.407		59.407		59.407		59.407		59.407

		4		54.655		5.2		7.25E-01				0		0		54.655		0		0		0		54.655		0

		5		69.836		7.4		2.45E+00				0		0		69.836		0		69.836		0		69.836		0

		6		71.44		6.3		1.30E+00				0		0		71.44		0		0		0		71.44		0

		7		64.256		3.1		3.18E-01				0		0		0		0		0		0		64.256		0

		8		63.107		2.6		2.34E-01				0		0		0		0		0		0		63.107		0

		9		62.654		2.1		3.42E-01				0		0		0		0		0		0		0		0

		10		43.109		2.9		3.82E-01				0		0		0		0		0		0		43.109		0

		11		52.626		2		2.54E-01				0		0		0		0		0		0		0		0

		12		52.766		2.9		2.61E-01				0		0		0		0		0		0		52.766		0

		13		62.715		3.1		3.86E-01				0		0		0		0		0		0		62.715		0

		14		68.148		3.1		4.11E-01				0		0		0		0		0		0		68.148		0

		15		68.744		2.8		3.54E-01				0		0		0		0		0		0		68.744		0

		16		38.114		18.6		2.68E+01				0		0		0		0		0		0		38.114		38.114

		17		35.698		15.6		1.99E+01				0		0		35.698		0		0		0		35.698		35.698

		18		37.703		15.8		2.22E+01				0		0		37.703		0		0		0		37.703		37.703

		19		43.555		12.6		5.79E+00				0		0		43.555		43.555		0		0		43.555		43.555

		20		41.172		6.7		3.23E+01				0		0		41.172		0		0		0		41.172		41.172

		21		44.358		6.1		7.03E+00				0		0		44.358		44.358		0		44.358		44.358		44.358

		22		44.427		3.4		1.72E+00				0		0		0		0		0		0		44.427		0

		23		40.758		3		2.55E+00				0		0		0		0		0		0		40.758		40.758

		24		45.026		4.3		2.87E+00				0		0		45.026		0		0		0		45.026		45.026

		25		37.759		3.1		7.55E-01				0		0		0		0		0		0		37.759		0

		26		33.629		3.7		5.73E-01				0		0		0		0		0		0		33.629		0

		27		37.113		3		9.96E-01				0		0		0		0		0		0		37.113		0

		28		44.931		2.8		5.77E-01				0		0		0		0		0		0		44.931		0

		29		44.224		3.4		8.10E-01				0		0		0		0		0		0		44.224		0

		30		44.177		3.5		1.42E+00				0		0		0		0		0		0		44.177		0

		31		59.694		19.2		2.69E+01				0		0		0		0		0		0		59.694		59.694

		32		50.153		15.4		2.56E+01				0		0		50.153		0		0		0		50.153		50.153

		33		59.019		17.6		2.61E+01				0		0		0		0		0		0		59.019		59.019

		34		70.043		15.1		1.90E+01				0		0		70.043		0		0		0		70.043		70.043

		35		66.008		19		2.32E+01				0		0		0		0		0		0		66.008		66.008

		36		68.451		9.3		1.58E+01				68.451		0		68.451		68.451		68.451		0		68.451		68.451

		37		68.281		14.5		8.15E+00				0		68.281		68.281		68.281		0		68.281		68.281		68.281

		38		67.702		16.1		7.35E+00				0		0		67.702		67.702		0		67.702		67.702		67.702

		39		68.625		18.3		6.65E+00				0		0		0		68.625		0		0		68.625		68.625

		40		58.8		11		2.36E+00				58.8		0		58.8		0		0		0		58.8		0

		41		51.944		10.4		3.34E+00				51.944		0		51.944		0		51.944		0		51.944		51.944

		42		57.152		12.5		2.21E+00				0		0		57.152		0		0		0		57.152		0

		43		71.579		5.8		1.58E+00				0		0		71.579		0		0		0		71.579		0

		44		65.938		4.1		1.79E+00				0		0		65.938		0		0		0		65.938		0

		45		69.633		3.5		2.20E+00				0		0		0		0		0		0		69.633		0

								Volume (m^3) :				297.89		68.281		1192.181		479.667		308.926		239.748		2344.778		1116.64

								Volume given by the rt.FUEL file :								460





test 16

		Test number 16

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		1.1		0.63				0		0		0		0		0		0		0		0

		2		59.288		0.9		0.63				0		0		0		0		0		0		0		0

		3		59.407				0.73				0		0		0		0		0		0		0		0

		4		54.655		4.5		1.19				0		0		54.655		0		0		0		54.655		0

		5		69.836		16.5		13.05				0		0		69.836		69.836		0		0		69.836		69.836

		6		71.44		0.6		0.29				0		0		0		0		0		0		0		0

		7		64.256		3.7		6.82				0		0		0		64.256		0		0		64.256		64.256

		8		63.107		8		10.61				0		63.107		63.107		63.107		63.107		63.107		63.107		63.107

		9		62.654		2.7		1.30				0		0		0		0		0		0		62.654		0

		10		43.109		6		8.65				0		43.109		43.109		43.109		0		43.109		43.109		43.109

		11		52.626		6.6		8.78				0		52.626		52.626		52.626		0		52.626		52.626		52.626

		12		52.766		3.8		5.33				0		0		52.766		52.766		0		0		52.766		52.766

		13		62.715		6.4		8.65				0		62.715		62.715		62.715		0		62.715		62.715		62.715

		14		68.148		6.4		8.51				0		68.148		68.148		68.148		0		68.148		68.148		68.148

		15		68.744		5.2		7.58				0		0		68.744		68.744		0		68.744		68.744		68.744

		16		38.114		5.6		1.21				0		0		38.114		0		0		0		38.114		0

		17		35.698		5.4		1.54				0		0		35.698		0		0		0		35.698		0

		18		37.703		3.2		1.36				0		0		0		0		0		0		37.703		0

		19		43.555		5.2		6.92				0		0		43.555		43.555		0		0		43.555		43.555

		20		41.172		6		7.09				0		0		41.172		41.172		0		41.172		41.172		41.172

		21		44.358		1.1		2.28				0		0		0		0		0		0		0		0

		22		44.427		6.4		7.49				0		0		44.427		44.427		0		44.427		44.427		44.427

		23		40.758		6		8.10				0		40.758		40.758		40.758		0		40.758		40.758		40.758

		24		45.026		1.4		7.91				0		0		0		45.026		0		45.026		0		45.026

		25		37.759		6.5		8.39				0		37.759		37.759		37.759		0		37.759		37.759		37.759

		26		33.629		5.7		8.62				0		33.629		33.629		33.629		0		33.629		33.629		33.629

		27		37.113		2.1		6.99				0		0		0		37.113		0		0		0		37.113

		28		44.931		6.5		8.56				0		44.931		44.931		44.931		0		44.931		44.931		44.931

		29		44.224		6.2		8.50				0		44.224		44.224		44.224		0		44.224		44.224		44.224

		30		44.177		3		7.21				0		0		0		44.177		0		44.177		44.177		44.177

		31		59.694		6		5.74				0		0		59.694		59.694		0		0		59.694		59.694

		32		50.153		4.1		5.28				0		0		50.153		50.153		0		0		50.153		50.153

		33		59.019		4.7		2.57				0		0		59.019		0		0		0		59.019		59.019

		34		70.043		6.3		8.16				0		70.043		70.043		70.043		0		70.043		70.043		70.043

		35		66.008		6.5		8.11				0		66.008		66.008		66.008		0		66.008		66.008		66.008

		36		68.451		4.2		5.15				0		0		68.451		68.451		0		0		68.451		68.451

		37		68.281		6.5		8.36				0		68.281		68.281		68.281		0		68.281		68.281		68.281

		38		67.702		5.3		8.25				0		67.702		67.702		67.702		0		67.702		67.702		67.702

		39		68.625		2.2		8.33				0		68.625		0		68.625		0		68.625		0		68.625

		40		58.8		6.5		8.54				0		58.8		58.8		58.8		0		58.8		58.8		58.8

		41		51.944		6.2		8.52				0		51.944		51.944		51.944		0		51.944		51.944		51.944

		42		57.152		4.1		8.28				0		57.152		57.152		57.152		0		57.152		57.152		57.152

		43		71.579		6.4		8.58				0		71.579		71.579		71.579		0		71.579		71.579		71.579

		44		65.938		6.2		8.57				0		65.938		65.938		65.938		0		65.938		65.938		65.938

		45		69.633		4.9		7.82				0		0		69.633		69.633		0		69.633		69.633		69.633

								Volume (m^3) :				0		1137.078		1824.37		1896.081		63.107		1450.257		2033.16		1955.1

								Volume given by the rt.FUEL file :								1807





test 16 1m

		Test number 16

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		1.1		0.68				0		0		0		0		0		0		0		0

		2		59.288		0.9		0.70				0		0		0		0		0		0		0		0

		3		59.407				0.72				0		0		0		0		0		0		0		0

		4		54.655		4.5		1.55				0		0		54.655		0		0		0		54.655		0

		5		69.836		16.5		16.44				0		0		69.836		69.836		0		0		69.836		69.836

		6		71.44		0.6		0.17				0		0		0		0		0		0		0		0

		7		64.256		3.7		7.06				0		0		0		64.256		0		64.256		64.256		64.256

		8		63.107		8		10.13				0		63.107		63.107		63.107		63.107		63.107		63.107		63.107

		9		62.654		2.7		0.68				0		0		0		0		0		0		62.654		0

		10		43.109		6		9.04				0		43.109		43.109		43.109		0		43.109		43.109		43.109

		11		52.626		6.6		8.68				0		52.626		52.626		52.626		0		52.626		52.626		52.626

		12		52.766		3.8		5.84				0		0		52.766		52.766		0		0		52.766		52.766

		13		62.715		6.4		8.91				0		62.715		62.715		62.715		0		62.715		62.715		62.715

		14		68.148		6.4		8.75				0		68.148		68.148		68.148		0		68.148		68.148		68.148

		15		68.744		5.2		7.99				0		0		68.744		68.744		0		68.744		68.744		68.744

		16		38.114		5.6		1.17				0		0		38.114		0		0		0		38.114		0

		17		35.698		5.4		1.52				0		0		35.698		0		0		0		35.698		0

		18		37.703		3.2		1.24				0		0		0		0		0		0		37.703		0

		19		43.555		5.2		4.74				0		0		43.555		43.555		0		0		43.555		43.555

		20		41.172		6		7.89				0		0		41.172		41.172		0		41.172		41.172		41.172

		21		44.358		1.1		2.23				0		0		0		0		0		0		0		0

		22		44.427		6.4		8.55				0		44.427		44.427		44.427		0		44.427		44.427		44.427

		23		40.758		6		8.86				0		40.758		40.758		40.758		0		40.758		40.758		40.758

		24		45.026		1.4		7.35				0		0		0		45.026		0		45.026		0		45.026

		25		37.759		6.5		8.90				0		37.759		37.759		37.759		0		37.759		37.759		37.759

		26		33.629		5.7		0.00				0		0		33.629		0		0		0		33.629		0

		27		37.113		2.1		6.85				0		0		0		37.113		0		0		0		37.113

		28		44.931		6.5		8.95				0		44.931		44.931		44.931		0		44.931		44.931		44.931

		29		44.224		6.2		8.48				0		44.224		44.224		44.224		0		44.224		44.224		44.224

		30		44.177		3		7.47				0		0		0		44.177		0		44.177		44.177		44.177

		31		59.694		6		7.11				0		0		59.694		59.694		0		59.694		59.694		59.694

		32		50.153		4.1		5.54				0		0		50.153		50.153		0		0		50.153		50.153

		33		59.019		4.7		4.07				0		0		59.019		59.019		0		0		59.019		59.019

		34		70.043		6.3		7.26				0		0		70.043		70.043		0		70.043		70.043		70.043

		35		66.008		6.5		8.28				0		66.008		66.008		66.008		0		66.008		66.008		66.008

		36		68.451		4.2		6.11				0		0		68.451		68.451		0		0		68.451		68.451

		37		68.281		6.5		8.98				0		68.281		68.281		68.281		0		68.281		68.281		68.281

		38		67.702		5.3		8.90				0		67.702		67.702		67.702		0		67.702		67.702		67.702

		39		68.625		2.2		8.55				0		68.625		0		68.625		0		68.625		0		68.625

		40		58.8		6.5		8.92				0		58.8		58.8		58.8		0		58.8		58.8		58.8

		41		51.944		6.2		8.88				0		51.944		51.944		51.944		0		51.944		51.944		51.944

		42		57.152		4.1		8.17				0		57.152		57.152		57.152		0		57.152		57.152		57.152

		43		71.579		6.4		8.93				0		71.579		71.579		71.579		0		71.579		71.579		71.579

		44		65.938		6.2		8.84				0		65.938		65.938		65.938		0		65.938		65.938		65.938

		45		69.633		4.9		7.73				0		0		69.633		69.633		0		69.633		69.633		69.633

								Volume (m^3) :				0		1077.833		1824.37		1921.471		63.107		1540.578		2033.16		1921.471

								Volume given by the rt.FUEL file :								1815





test 17

		Test number 17

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		12.3		14.08				0		0		41.641		41.641		0		0		41.641		41.641

		2		59.288		12		13.05				0		0		59.288		59.288		0		0		59.288		59.288

		3		59.407		10		10.70				59.407		59.407		59.407		59.407		59.407		59.407		59.407		59.407

		4		54.655		13		17.78				0		0		54.655		0		0		0		54.655		54.655

		5		69.836		23.4		34.24				0		0		0		0		0		0		69.836		69.836

		6		71.44		4.1		8.08				0		71.44		71.44		71.44		0		71.44		71.44		71.44

		7		64.256		13.1		22.42				0		0		64.256		0		0		0		64.256		64.256

		8		63.107		16.1		26.01				0		0		63.107		0		0		0		63.107		63.107

		9		62.654		4.9		6.15				0		0		62.654		62.654		0		0		62.654		62.654

		10		43.109		13.7		23.45				0		0		43.109		0		0		0		43.109		43.109

		11		52.626		13.8		22.30				0		0		52.626		0		0		0		52.626		52.626

		12		52.766		7		15.00				0		0		52.766		52.766		0		0		52.766		52.766

		13		62.715		13.2		21.99				0		0		62.715		0		0		0		62.715		62.715

		14		68.148		13.1		21.57				0		0		68.148		0		0		0		68.148		68.148

		15		68.744		11.5		13.91				68.744		0		68.744		68.744		0		0		68.744		68.744

		16		38.114		12.4		20.73				0		0		38.114		0		0		0		38.114		38.114

		17		35.698		12.4		19.81				0		0		35.698		0		0		0		35.698		35.698

		18		37.703		5.4		14.92				0		0		37.703		37.703		0		0		37.703		37.703

		19		43.555		12.9		22.40				0		0		43.555		0		0		0		43.555		43.555

		20		41.172		6.3		22.23				0		0		41.172		0		0		0		41.172		41.172

		21		44.358		3.3		15.90				0		0		0		44.358		0		0		44.358		44.358

		22		44.427		12.4		22.53				0		0		44.427		0		0		0		44.427		44.427

		23		40.758		7.2		21.02				0		0		40.758		0		40.758		0		40.758		40.758

		24		45.026		1.1		12.84				0		0		0		45.026		0		0		0		45.026

		25		37.759		13.1		22.56				0		0		37.759		0		0		0		37.759		37.759

		26		33.629		7.8		20.00				0		0		33.629		0		33.629		0		33.629		33.629

		27		37.113		3.2		11.52				0		37.113		0		37.113		0		0		37.113		37.113

		28		44.931		12.4		22.45				0		0		44.931		0		0		0		44.931		44.931

		29		44.224		11.2		20.36				44.224		0		44.224		0		0		0		44.224		44.224

		30		44.177		4.3		16.53				0		0		44.177		44.177		0		0		44.177		44.177

		31		59.694		12.6		22.46				0		0		59.694		0		0		0		59.694		59.694

		32		50.153		12.4		22.36				0		0		50.153		0		0		0		50.153		50.153

		33		59.019		9.3		20.83				59.019		0		59.019		0		59.019		0		59.019		59.019

		34		70.043		12.5		22.56				0		0		70.043		0		0		0		70.043		70.043

		35		66.008		6.3		22.26				0		0		66.008		0		0		0		66.008		66.008

		36		68.451				20.21				0		0		0		0		0		0		0		68.451

		37		68.281		12.9		22.49				0		0		68.281		0		0		0		68.281		68.281

		38		67.702		5.6		22.02				0		0		67.702		0		0		0		67.702		67.702

		39		68.625		0.7		16.41				0		0		0		68.625		0		0		0		68.625

		40		58.8		12.9		22.39				0		0		58.8		0		0		0		58.8		58.8

		41		51.944		9		21.40				51.944		0		51.944		0		51.944		0		51.944		51.944

		42		57.152		1.5		14.94				0		0		0		57.152		0		0		0		57.152

		43		71.579		12.5		22.28				0		0		71.579		0		0		0		71.579		71.579

		44		65.938		11.1		21.15				65.938		0		65.938		0		0		0		65.938		65.938

		45		69.633		7.2		18.05				0		0		69.633		0		69.633		0		69.633		69.633

								Volume (m^3) :				349.276		167.96		2027.856		708.453		314.39		130.847		2220.804		2460.058

								Volume given by the rt.FUEL file :								677





test 18

		Test number 18

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		11.4		16.14				41.641		0		41.641		41.641		0		0		41.641		41.641

		2		59.288		11.4		14.57				59.288		0		59.288		59.288		0		0		59.288		59.288

		3		59.407		9.6		14.38				59.407		0		59.407		59.407		59.407		0		59.407		59.407

		4		54.655		11.6		13.00				54.655		0		54.655		54.655		0		0		54.655		54.655

		5		69.836		11.4		6.58				69.836		0		69.836		69.836		0		0		69.836		69.836

		6		71.44		6.6		3.15				0		0		71.44		0		0		0		71.44		71.44

		7		64.256		8.1		2.10				64.256		0		64.256		0		64.256		0		64.256		0

		8		63.107				2.00				0		0		0		0		0		0		0		0

		9		62.654				1.14				0		0		0		0		0		0		0		0

		10		43.109		2.4		0.68				0		0		0		0		0		0		0		0

		11		52.626		3.7		0.73				0		0		0		0		0		0		52.626		0

		12		52.766		3.8		0.77				0		0		52.766		0		0		0		52.766		0

		13		62.715		2.5		0.58				0		0		0		0		0		0		0		0

		14		68.148				0.58				0		0		0		0		0		0		0		0

		15		68.744		2.7		0.60				0		0		0		0		0		0		68.744		0

		16		38.114		10.9		16.00				38.114		0		38.114		38.114		38.114		0		38.114		38.114

		17		35.698		11.3		14.91				35.698		0		35.698		35.698		0		0		35.698		35.698

		18		37.703		9.6		13.32				37.703		0		37.703		37.703		37.703		0		37.703		37.703

		19		43.555		11.1		15.57				43.555		0		43.555		43.555		0		0		43.555		43.555

		20		41.172		9.4		13.75				41.172		0		41.172		41.172		41.172		0		41.172		41.172

		21		44.358		8.4		8.61				44.358		44.358		44.358		44.358		44.358		44.358		44.358		44.358

		22		44.427		11.3		10.58				44.427		44.427		44.427		44.427		0		44.427		44.427		44.427

		23		40.758		5.4		4.65				0		0		40.758		40.758		0		0		40.758		40.758

		24		45.026		6.2		1.42				0		0		45.026		0		0		0		45.026		0

		25		37.759		2.3		1.13				0		0		0		0		0		0		0		0

		26		33.629		3.4		0.74				0		0		0		0		0		0		33.629		0

		27		37.113		4.3		1.05				0		0		37.113		0		0		0		37.113		0

		28		44.931		2.7		0.90				0		0		0		0		0		0		44.931		0

		29		44.224		3.5		0.77				0		0		0		0		0		0		44.224		0

		30		44.177		3.2		2.93				0		0		0		0		0		0		44.177		44.177

		31		59.694		11		15.92				59.694		0		59.694		59.694		0		0		59.694		59.694

		32		50.153		10.1		15.20				50.153		0		50.153		50.153		50.153		0		50.153		50.153

		33		59.019		9.3		12.91				59.019		0		59.019		59.019		59.019		0		59.019		59.019

		34		70.043		10.5		15.62				70.043		0		70.043		70.043		70.043		0		70.043		70.043

		35		66.008		10.7		14.07				66.008		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		9.7		8.87				68.451		68.451		68.451		68.451		68.451		68.451		68.451		68.451

		37		68.281		9.5		14.04				68.281		0		68.281		68.281		68.281		0		68.281		68.281

		38		67.702				9.98				0		67.702		0		67.702		0		67.702		0		67.702

		39		68.625		7.1		1.56				0		0		68.625		0		68.625		0		68.625		0

		40		58.8		2.4		4.20				0		0		0		58.8		0		0		0		58.8

		41		51.944		5.5		2.35				0		0		51.944		0		0		0		51.944		0

		42		57.152		4.6		1.61				0		0		57.152		0		0		0		57.152		0

		43		71.579		2.6		4.46				0		0		0		71.579		0		0		71.579		71.579

		44		65.938		2.8		4.45				0		0		0		65.938		0		0		65.938		65.938

		45		69.633		2.5		3.76				0		0		0		69.633		0		0		0		69.633

								Volume (m^3) :				1034.118		224.938		1458.942		1344.272		735.59		224.938		1926.431		1501.53

								Volume given by the rt.FUEL file :								1195





test 18 1m

		Test number 18, 1 m grid

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		11.4		14.61				41.641		0		41.641		41.641		0		0		41.641		41.641

		2		59.288		11.4		14.60				59.288		0		59.288		59.288		0		0		59.288		59.288

		3		59.407		9.6		9.25				59.407		59.407		59.407		59.407		59.407		59.407		59.407		59.407

		4		54.655		11.6		8.81				54.655		54.655		54.655		54.655		0		54.655		54.655		54.655

		5		69.836		11.4		5.44				69.836		0		69.836		69.836		0		0		69.836		69.836

		6		71.44		6.6		3.06				0		0		71.44		0		0		0		71.44		71.44

		7		64.256		8.1		1.06				64.256		0		64.256		0		64.256		0		64.256		0

		8		63.107				0.98				0		0		0		0		0		0		0		0

		9		62.654				0.63				0		0		0		0		0		0		0		0

		10		43.109		2.4		0.52				0		0		0		0		0		0		0		0

		11		52.626		3.7		0.48				0		0		0		0		0		0		52.626		0

		12		52.766		3.8		0.40				0		0		52.766		0		0		0		52.766		0

		13		62.715		2.5		0.41				0		0		0		0		0		0		0		0

		14		68.148				0.34				0		0		0		0		0		0		0		0

		15		68.744		2.7		0.32				0		0		0		0		0		0		68.744		0

		16		38.114		10.9		14.63				38.114		0		38.114		38.114		38.114		0		38.114		38.114

		17		35.698		11.3		14.48				35.698		0		35.698		35.698		0		0		35.698		35.698

		18		37.703		9.6		13.04				37.703		0		37.703		37.703		37.703		0		37.703		37.703

		19		43.555		11.1		13.57				43.555		0		43.555		43.555		0		0		43.555		43.555

		20		41.172		9.4		12.07				41.172		0		41.172		41.172		41.172		0		41.172		41.172

		21		44.358		8.4		8.68				44.358		44.358		44.358		44.358		44.358		44.358		44.358		44.358

		22		44.427		11.3		5.36				44.427		0		44.427		44.427		0		0		44.427		44.427

		23		40.758		5.4		2.67				0		0		40.758		0		0		0		40.758		40.758

		24		45.026		6.2		0.92				0		0		45.026		0		0		0		45.026		0

		25		37.759		2.3		0.81				0		0		0		0		0		0		0		0

		26		33.629		3.4		0.00				0		0		0		0		0		0		33.629		0

		27		37.113		4.3		0.59				0		0		37.113		0		0		0		37.113		0

		28		44.931		2.7		0.78				0		0		0		0		0		0		44.931		0

		29		44.224		3.5		0.79				0		0		0		0		0		0		44.224		0

		30		44.177		3.2		2.85				0		0		0		0		0		0		44.177		44.177

		31		59.694		11		14.82				59.694		0		59.694		59.694		0		0		59.694		59.694

		32		50.153		10.1		14.89				50.153		0		50.153		50.153		50.153		0		50.153		50.153

		33		59.019		9.3		13.42				59.019		0		59.019		59.019		59.019		0		59.019		59.019

		34		70.043		10.5		14.11				70.043		0		70.043		70.043		70.043		0		70.043		70.043

		35		66.008		10.7		13.49				66.008		0		66.008		66.008		66.008		0		66.008		66.008

		36		68.451		9.7		9.94				68.451		68.451		68.451		68.451		68.451		68.451		68.451		68.451

		37		68.281		9.5		11.35				68.281		68.281		68.281		68.281		68.281		0		68.281		68.281

		38		67.702				9.53				0		67.702		0		67.702		0		67.702		0		67.702

		39		68.625		7.1		1.67				0		0		68.625		0		68.625		0		68.625		0

		40		58.8		2.4		2.60				0		0		0		0		0		0		0		58.8

		41		51.944		5.5		1.40				0		0		51.944		0		0		0		51.944		0

		42		57.152		4.6		1.19				0		0		57.152		0		0		0		57.152		0

		43		71.579		2.6		4.32				0		0		0		71.579		0		0		71.579		71.579

		44		65.938		2.8		3.82				0		0		0		65.938		0		0		65.938		65.938

		45		69.633		2.5		3.03				0		0		0		0		0		0		0		69.633

								Volume (m^3) :				1034.118		362.854		1458.942		1175.081		735.59		294.573		1926.431		1501.53

								Volume given by the rt.FUEL file :								1241





test 19

		Test number 19

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		11.8		8.13				41.641		41.641		41.641		41.641		0		41.641		41.641		41.641

		2		59.288		17.4		14.54				0		0		0		59.288		0		0		59.288		59.288

		3		59.407		0.3		7.70				0		0		0		59.407		0		59.407		0		59.407

		4		54.655		9.5		8.11				54.655		54.655		54.655		54.655		54.655		54.655		54.655		54.655

		5		69.836		8.6		0.53				69.836		0		69.836		0		69.836		0		69.836		0

		6		71.44		1.9		0.00				0		0		0		0		0		0		0		0

		7		64.256		3.2		0.77				0		0		0		0		0		0		64.256		0

		8		63.107		2.6		0.08				0		0		0		0		0		0		63.107		0

		9		62.654		3		0.00				0		0		0		0		0		0		62.654		0

		10		43.109		1.8		0.05				0		0		0		0		0		0		0		0

		11		52.626		0.8		0.02				0		0		0		0		0		0		0		0

		12		52.766		1.4		0.02				0		0		0		0		0		0		0		0

		13		62.715		2		0.12				0		0		0		0		0		0		0		0

		14		68.148				0.03				0		0		0		0		0		0		0		0

		15		68.744		0.8		0.02				0		0		0		0		0		0		0		0

		16		38.114		12.2		11.96				0		38.114		38.114		38.114		0		0		38.114		38.114

		17		35.698		13.8		12.35				0		0		35.698		35.698		0		0		35.698		35.698

		18		37.703		1.9		1.32				0		0		0		0		0		0		0		0

		19		43.555		9.1		9.20				43.555		43.555		43.555		43.555		43.555		43.555		43.555		43.555

		20		41.172				10.56				0		41.172		0		41.172		0		41.172		0		41.172

		21		44.358		0.5		1.04				0		0		0		0		0		0		0		0

		22		44.427		9.7		4.86				44.427		0		44.427		44.427		44.427		0		44.427		44.427

		23		40.758		2.7		5.46				0		0		0		40.758		0		0		40.758		40.758

		24		45.026		1.9		3.02				0		0		0		0		0		0		0		45.026

		25		37.759		3.6		3.68				0		0		0		0		0		0		37.759		37.759

		26		33.629		2.7		2.29				0		0		0		0		0		0		33.629		0

		27		37.113		1.6		1.00				0		0		0		0		0		0		0		0

		28		44.931		3.3		4.18				0		0		0		44.931		0		0		44.931		44.931

		29		44.224		2.9		3.06				0		0		0		0		0		0		44.224		44.224

		30		44.177		1.6		2.43				0		0		0		0		0		0		0		0

		31		59.694		12.6		12.28				0		0		59.694		59.694		0		0		59.694		59.694

		32		50.153		13.1		11.79				0		50.153		50.153		50.153		0		0		50.153		50.153

		33		59.019				5.71				0		0		0		59.019		0		0		0		59.019

		34		70.043		12.6		9.69				0		70.043		70.043		70.043		0		70.043		70.043		70.043

		35		66.008				10.82				0		66.008		0		66.008		0		66.008		0		66.008

		36		68.451		8.5		8.46				68.451		68.451		68.451		68.451		68.451		68.451		68.451		68.451

		37		68.281		11.7		7.50				68.281		0		68.281		68.281		0		68.281		68.281		68.281

		38		67.702		4.8		7.20				0		0		67.702		67.702		0		67.702		67.702		67.702

		39		68.625		3.8		6.92				0		0		68.625		68.625		0		0		68.625		68.625

		40		58.8		4.9		6.01				0		0		58.8		58.8		0		0		58.8		58.8

		41		51.944		7.6		6.88				0		0		51.944		51.944		51.944		0		51.944		51.944

		42		57.152		6.9		6.11				0		0		57.152		57.152		0		0		57.152		57.152

		43		71.579		8		6.60				0		0		71.579		71.579		71.579		0		71.579		71.579

		44		65.938		8.1		6.74				65.938		0		65.938		65.938		65.938		0		65.938		65.938

		45		69.633		7.3		6.36				0		0		69.633		69.633		69.633		0		69.633		69.633

								Volume (m^3) :				415.143		432.151		1114.28		1415.027		540.018		539.274		1606.527		1583.677

								Volume given by the rt.FUEL file :								1337





test 20

		Test number 20

		Monitor points		cell volumes		Concentration (%)						8 -> 12 %				Equivalent ratio				7 -> 11 %				> 2.5 %

				m^3		Observed		Simulated				Observed		Simulated		3.74 -> 16.76 %				Observed		Simulated		Observed		Simulated

																Observed		Simulated

		1		41.641		16.8		7.42				0		0		0		41.641		0		41.641		41.641		41.641

		2		59.288		27		13.27				0		0		0		59.288		0		0		59.288		59.288

		3		59.407		1.1		5.72				0		0		0		59.407		0		0		0		59.407

		4		54.655		11.9		7.29				54.655		0		54.655		54.655		0		54.655		54.655		54.655

		5		69.836		12.1		2.23				0		0		69.836		0		0		0		69.836		0

		6		71.44		5		0.05				0		0		71.44		0		0		0		71.44		0

		7		64.256		1.9		1.03				0		0		0		0		0		0		0		0

		8		63.107		0.3		0.59				0		0		0		0		0		0		0		0

		9		62.654		3.7		0.04				0		0		0		0		0		0		62.654		0

		10		43.109		0.1		0.10				0		0		0		0		0		0		0		0

		11		52.626		0.1		0.16				0		0		0		0		0		0		0		0

		12		52.766		0.2		0.08				0		0		0		0		0		0		0		0

		13		62.715		0		0.05				0		0		0		0		0		0		0		0

		14		68.148				0.11				0		0		0		0		0		0		0		0

		15		68.744		0		0.03				0		0		0		0		0		0		0		0

		16		38.114		15.5		10.99				0		38.114		38.114		38.114		0		38.114		38.114		38.114

		17		35.698		19.1		11.23				0		35.698		0		35.698		0		0		35.698		35.698

		18		37.703		8.1		6.05				37.703		0		37.703		37.703		37.703		0		37.703		37.703

		19		43.555		16.8		8.41				0		43.555		0		43.555		0		43.555		43.555		43.555

		20		41.172				9.24				0		41.172		0		41.172		0		41.172		0		41.172

		21		44.358		8		1.95				0		0		44.358		0		44.358		0		44.358		0

		22		44.427		13.2		2.30				0		0		44.427		0		0		0		44.427		0

		23		40.758		5.8		2.97				0		0		40.758		0		0		0		40.758		40.758

		24		45.026		5.9		2.20				0		0		45.026		0		0		0		45.026		0

		25		37.759		1.8		1.36				0		0		0		0		0		0		0		0

		26		33.629		0.9		0.46				0		0		0		0		0		0		0		0

		27		37.113		0.6		0.63				0		0		0		0		0		0		0		0

		28		44.931		0.4		1.12				0		0		0		0		0		0		0		0

		29		44.224		0.6		0.60				0		0		0		0		0		0		0		0

		30		44.177		0.5		0.77				0		0		0		0		0		0		0		0

		31		59.694		17.5		11.20				0		59.694		0		59.694		0		0		59.694		59.694

		32		50.153		18.5		10.69				0		50.153		0		50.153		0		50.153		50.153		50.153

		33		59.019				6.49				0		0		0		59.019		0		0		0		59.019

		34		70.043		17.3		8.86				0		70.043		0		70.043		0		70.043		70.043		70.043

		35		66.008				9.78				0		66.008		0		66.008		0		66.008		0		66.008

		36		68.451		8.8		7.88				68.451		0		68.451		68.451		68.451		68.451		68.451		68.451

		37		68.281		16.3		5.62				0		0		68.281		68.281		0		0		68.281		68.281

		38		67.702		8.1		5.25				67.702		0		67.702		67.702		67.702		0		67.702		67.702

		39		68.625		3.3		5.39				0		0		0		68.625		0		0		68.625		68.625

		40		58.8		8.2		5.08				58.8		0		58.8		58.8		58.8		0		58.8		58.8

		41		51.944		11.8		5.84				51.944		0		51.944		51.944		0		0		51.944		51.944

		42		57.152		9.3		3.76				57.152		0		57.152		57.152		57.152		0		57.152		57.152

		43		71.579		10.5		5.79				71.579		0		71.579		71.579		71.579		0		71.579		71.579

		44		65.938		9.8		5.69				65.938		0		65.938		65.938		65.938		0		65.938		65.938

		45		69.633		9		4.12				69.633		0		69.633		69.633		69.633		0		69.633		69.633

								Volume (m^3) :				603.557		404.437		1025.797		1322.614		541.316		432.151		1517.148		1405.013

								Volume given by the rt.FUEL file :								1228
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result

		Monitor points		Concentration (%)				Ratio				Time = 337 s

				Observed		Simulated

		1		18.8		2.18E+01		1.16E+00

		2		8.9		4.82E+00		5.42E-01

		3		9.4		7.69E+00		8.19E-01

		4		5.2		7.25E-01		1.39E-01				0		1

		5		7.4		2.45E+00		3.31E-01				100		1

		6		6.3		1.30E+00		2.07E-01

		7		3.1		3.18E-01		1.03E-01

		8		2.6		2.34E-01		8.99E-02

		9		2.1		3.42E-01		1.63E-01

		10		2.9		3.82E-01		1.32E-01

		11		2		2.54E-01		1.27E-01

		12		2.9		2.61E-01		9.01E-02

		13		3.1		3.86E-01		1.24E-01

		14		3.1		4.11E-01		1.33E-01

		15		2.8		3.54E-01		1.26E-01

		16		18.6		2.68E+01		1.44E+00

		17		15.6		1.99E+01		1.27E+00

		18		15.8		2.22E+01		1.40E+00

		19		12.6		5.79E+00		4.59E-01

		20		6.7		3.23E+01		4.82E+00

		21		6.1		7.03E+00		1.15E+00

		22		3.4		1.72E+00		5.06E-01

		23		3		2.55E+00		8.50E-01

		24		4.3		2.87E+00		6.68E-01

		25		3.1		7.55E-01		2.44E-01

		26		3.7		5.73E-01		1.55E-01

		27		3		9.96E-01		3.32E-01

		28		2.8		5.77E-01		2.06E-01

		29		3.4		8.10E-01		2.38E-01

		30		3.5		1.42E+00		4.05E-01

		31		19.2		2.69E+01		1.40E+00

		32		15.4		2.56E+01		1.66E+00

		33		17.6		2.61E+01		1.48E+00

		34		15.1		1.90E+01		1.26E+00

		35		19		2.32E+01		1.22E+00

		36		9.3		1.58E+01		1.70E+00

		37		14.5		8.15E+00		5.62E-01

		38		16.1		7.35E+00		4.56E-01

		39		18.3		6.65E+00		3.63E-01

		40		11		2.36E+00		2.14E-01

		41		10.4		3.34E+00		3.21E-01

		42		12.5		2.21E+00		1.77E-01

		43		5.8		1.58E+00		2.72E-01

		44		4.1		1.79E+00		4.36E-01

		45		3.5		2.20E+00		6.30E-01

		46		25.6		6.22E+01		2.43E+00

		47		3.6		2.37E+01		6.59E+00

		48		20		2.66E+01		1.33E+00

		49		20.7		2.68E+01		1.30E+00

		50		8		1.90E+00		2.38E-01
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Horizontal axis represents accuracy of predictions.  Vertical axis represents consistency of predictions.  The parabola represents an assumed locus of consistent predictions.  MG=1, VG=1 represents a perfect match.  If MG=1 and VG>1 one has accurate (on the average) but inconsistent predictions.  Note the scales are log-log.
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5.196

0.325

0.331

0.398

0.398

1.804

7.116

3.857

0.61

2.156

0.343

0.782

0.575

0.814

0.294

0.38

0.3

0.3

0.929

4.457

0.808

0.351

0.529

0.24

0.422

0.47

0.287

0.121

0.166

0.128

0.128

0.571

4.899

0.274

0.149

0.209

0.1

0.21

0.228

1.34

0.465

0.551

0.444

0.444

1.511

3.897

1.836

0.563

1.153

0.329

0.727

0.639

6.774

0.475

0.509

0.536

0.536

2.05

6.319

4.415

0.785

1.971

0.427

0.959

0.648

0.328

0.119

0.182

0.129

0.129

0.512

4.856

0.265

0.15

0.228

0.106

0.209

0.296

0.419

0.27

0.348

0.313

0.313

1.021

4.351

0.918

0.388

0.522

0.239

0.472

0.464

0.666

0.292

0.34

0.392

0.392

1.471

4.015

2.058

0.517

1.09

0.271

0.681

0.479

6.082

0.346

0.388

0.465

0.465

1.959

6.902

4.1

0.696

2.47

0.356

0.89

0.535

0.346

0.157

0.248

0.159

0.159

0.575

4.975

0.307

0.176

0.202

0.115

0.251

0.235

0.767

0.278

0.316

0.301

0.301

0.936

4.222

1.31

0.363

0.724

0.186

0.467

0.36

9.892

0.342

0.372

0.424

0.424

1.507

6.881

3.632

0.565

1.493

0.343

0.722

0.505

0.402

0.203

0.268

0.248

0.248

0.678

4.735

0.526

0.268

0.381

0.162

0.337

0.317

2.673

0.439

0.495

0.512

0.512

1.68

3.992

2.433

0.654

1.401

0.365

0.821

0.637

0.258

0.138

0.195

0.161

0.161

0.487

4.827

0.327

0.168

0.252

0.125

0.227

0.307

0.707

0.257

0.312

0.252

0.252

0.906

4.153

0.978

0.312

0.614

0.187

0.453

0.357

0.395

0.41

0.406

0.406

1.57

7.14

3.969

0.57

2.037

0.382

0.729

0.519



restricted

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		6		6		6		6		6		6		6		6

		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5

		22		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		9		9		9		9		9		9		9		9

		14		14		14		14		14		14		14		14

		21		21		21		21		21		21		21		21

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5

		11.2		11.2		11.2		11.2		11.2		11.2		11.2		11.2

		12		12		12		12		12		12		12		12

		22		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		10.2		10.2		10.2		10.2		10.2		10.2		10.2		10.2

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		18		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		10		10		10		10		10		10		10		10

		18		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		13.9		13.9		13.9		13.9		13.9		13.9		13.9		13.9

		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1

		5.9		5.9		5.9		5.9		5.9		5.9		5.9		5.9

		18.9		18.9		18.9		18.9		18.9		18.9		18.9		18.9

		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1

		12.8		12.8		12.8		12.8		12.8		12.8		12.8		12.8

		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1



Expt

REFERENCE

ENC W

ENC WNS

JIP311

eff X dim

BLOW OUT 2kPa

JIP313

Distance from ignition in X (in m)

Over pressure (in bar)

0.238

0.137

0.499

4.922

0.164

0.22

0.385

0.267

0.637

4.77

0.305

0.333

0.588

0.271

0.917

4.17

0.348

0.711

2.642

0.453

1.508

6.563

0.606

1.398

7.698

0.459

1.809

6.563

0.708

2.756

0.289

0.136

0.564

4.91

0.154

0.218

0.666

0.279

0.756

4.519

0.321

0.433

1.031

0.305

1.008

3.987

0.386

0.856

2.786

0.46

1.569

4.235

0.616

1.539

17.096

0.579

2.17

6.166

0.849

3.068

0.333

0.141

0.539

4.879

0.188

0.252

0.528

0.286

0.949

4.227

0.358

0.594

7.357

0.482

1.736

7.148

0.679

2.72

0.23

0.144

0.445

4.943

0.17

0.204

0.325

0.222

0.65

4.831

0.244

0.263

0.472

0.229

0.753

4.397

0.278

0.503

0.704

0.276

1.005

4.295

0.337

0.583

2.808

0.407

1.539

6.102

0.559

1.4

5.196

0.398

1.804

7.116

0.61

2.156

0.814

0.3

0.929

4.457

0.351

0.529

0.287

0.128

0.571

4.899

0.149

0.209

1.34

0.444

1.511

3.897

0.563

1.153

6.774

0.536

2.05

6.319

0.785

1.971

0.328

0.129

0.512

4.856

0.15

0.228

0.419

0.313

1.021

4.351

0.388

0.522

0.666

0.392

1.471

4.015

0.517

1.09

6.082

0.465

1.959

6.902

0.696

2.47

0.346

0.159

0.575

4.975

0.176

0.202

0.767

0.301

0.936

4.222

0.363

0.724

9.892

0.424

1.507

6.881

0.565

1.493

0.402

0.248

0.678

4.735

0.268

0.381

2.673

0.512

1.68

3.992

0.654

1.401

0.258

0.161

0.487

4.827

0.168

0.252

0.707

0.252

0.906

4.153

0.312

0.614

0.406

1.57

7.14

0.57

2.037



altered clouds

		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		6		6		6		6		6		6		6

		12.5		12.5		12.5		12.5		12.5		12.5		12.5

		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		9		9		9		9		9		9		9

		14		14		14		14		14		14		14

		21		21		21		21		21		21		21

		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		12.3		12.3		12.3		12.3		12.3		12.3		12.3

		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		4.5		4.5		4.5		4.5		4.5		4.5		4.5

		11.2		11.2		11.2		11.2		11.2		11.2		11.2

		12		12		12		12		12		12		12

		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		10.2		10.2		10.2		10.2		10.2		10.2		10.2

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		10		10		10		10		10		10		10

		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		13.9		13.9		13.9		13.9		13.9		13.9		13.9

		26.1		26.1		26.1		26.1		26.1		26.1		26.1

		5.9		5.9		5.9		5.9		5.9		5.9		5.9

		18.9		18.9		18.9		18.9		18.9		18.9		18.9

		1.1		1.1		1.1		1.1		1.1		1.1		1.1

		12.8		12.8		12.8		12.8		12.8		12.8		12.8

		26.1		26.1		26.1		26.1		26.1		26.1		26.1



Expt

EXT. CLD

REFERENCE

JIP311

eff X dim

JIP313

EXT METHANE

Distance from ignition in X (in m)

Over pressure (in bar)

0.238

0.288

0.137

0.22

0.277

0.385

0.312

0.267

0.333

0.329

0.588

0.342

0.271

0.711

0.49

2.642

0.405

0.453

1.398

0.765

7.698

0.373

0.459

2.756

0.887

0.289

0.187

0.136

0.218

0.217

0.666

0.328

0.279

0.433

0.407

1.031

0.389

0.305

0.856

0.492

2.786

0.441

0.46

1.539

0.75

17.096

0.499

0.579

3.068

1.052

0.333

0.203

0.141

0.252

0.225

0.528

0.311

0.286

0.594

0.412

7.357

0.387

0.482

2.72

0.839

0.23

0.204

0.144

0.204

0.21

0.325

0.294

0.222

0.263

0.347

0.472

0.26

0.229

0.503

0.408

0.704

0.359

0.276

0.583

0.501

2.808

0.35

0.407

1.4

0.73

5.196

0.331

0.398

2.156

0.782

0.814

0.38

0.3

0.529

0.422

0.287

0.166

0.128

0.209

0.21

1.34

0.551

0.444

1.153

0.727

6.774

0.509

0.536

1.971

0.959

0.328

0.182

0.129

0.228

0.209

0.419

0.348

0.313

0.522

0.472

0.666

0.34

0.392

1.09

0.681

6.082

0.388

0.465

2.47

0.89

0.346

0.248

0.159

0.202

0.251

0.767

0.316

0.301

0.724

0.467

9.892

0.372

0.424

1.493

0.722

0.402

0.268

0.248

0.381

0.337

2.673

0.495

0.512

1.401

0.821

0.258

0.195

0.161

0.252

0.227

0.707

0.312

0.252

0.614

0.453

0.41

0.406

2.037

0.729



altered ignitions and Ct

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		6		6		6		6		6		6		6		6

		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5

		22		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		9		9		9		9		9		9		9		9

		14		14		14		14		14		14		14		14

		21		21		21		21		21		21		21		21

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5

		11.2		11.2		11.2		11.2		11.2		11.2		11.2		11.2

		12		12		12		12		12		12		12		12

		22		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		10.2		10.2		10.2		10.2		10.2		10.2		10.2		10.2

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		18		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		10		10		10		10		10		10		10		10

		18		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		13.9		13.9		13.9		13.9		13.9		13.9		13.9		13.9

		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1

		5.9		5.9		5.9		5.9		5.9		5.9		5.9		5.9

		18.9		18.9		18.9		18.9		18.9		18.9		18.9		18.9

		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1

		12.8		12.8		12.8		12.8		12.8		12.8		12.8		12.8

		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1



Expt

REFERENCE

Ct100 Fs0.15

JIP311

eff X dim

JIP313

HEMI IGN

IGN x=2.3

Distance from ignition in X (in m)

Over pressure (in bar)

0.238

0.137

0.362

0.22

0.124

0.24

0.385

0.267

0.513

0.333

0.206

0.289

0.588

0.271

1.037

0.711

0.201

0.422

2.642

0.453

3.301

1.398

0.395

0.544

7.698

0.459

3.802

2.756

0.376

0.638

0.289

0.136

0.28

0.218

0.104

0.234

0.666

0.279

0.655

0.433

0.226

0.409

1.031

0.305

1.605

0.856

0.26

0.503

2.786

0.46

2.697

1.539

0.398

0.609

17.096

0.579

4.628

3.068

0.38

0.683

0.333

0.141

0.288

0.252

0.127

0.288

0.528

0.286

0.869

0.594

0.21

0.437

7.357

0.482

3.862

2.72

0.334

0.598

0.23

0.144

0.263

0.204

0.106

0.267

0.325

0.222

0.498

0.263

0.167

0.317

0.472

0.229

0.802

0.503

0.171

0.33

0.704

0.276

1.063

0.583

0.224

0.433

2.808

0.407

3.43

1.4

0.373

0.55

5.196

0.398

3.857

2.156

0.343

0.575

0.814

0.3

0.808

0.529

0.24

0.47

0.287

0.128

0.274

0.209

0.1

0.228

1.34

0.444

1.836

1.153

0.329

0.639

6.774

0.536

4.415

1.971

0.427

0.648

0.328

0.129

0.265

0.228

0.106

0.296

0.419

0.313

0.918

0.522

0.239

0.464

0.666

0.392

2.058

1.09

0.271

0.479

6.082

0.465

4.1

2.47

0.356

0.535

0.346

0.159

0.307

0.202

0.115

0.235

0.767

0.301

1.31

0.724

0.186

0.36

9.892

0.424

3.632

1.493

0.343

0.505

0.402

0.248

0.526

0.381

0.162

0.317

2.673

0.512

2.433

1.401

0.365

0.637

0.258

0.161

0.327

0.252

0.125

0.307

0.707

0.252

0.978

0.614

0.187

0.357

0.406

3.969

2.037

0.382

0.519



boundaries

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		6		6		6		6		6		6		6		6		6

		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5

		22		22		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		9		9		9		9		9		9		9		9		9

		14		14		14		14		14		14		14		14		14

		21		21		21		21		21		21		21		21		21

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5

		11.2		11.2		11.2		11.2		11.2		11.2		11.2		11.2		11.2

		12		12		12		12		12		12		12		12		12

		22		22		22		22		22		22		22		22		22

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		10.2		10.2		10.2		10.2		10.2		10.2		10.2		10.2		10.2

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		18		18		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		10		10		10		10		10		10		10		10		10

		18		18		18		18		18		18		18		18		18

		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5		27.5

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		13.9		13.9		13.9		13.9		13.9		13.9		13.9		13.9		13.9

		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1

		5.9		5.9		5.9		5.9		5.9		5.9		5.9		5.9		5.9

		18.9		18.9		18.9		18.9		18.9		18.9		18.9		18.9		18.9

		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1

		12.8		12.8		12.8		12.8		12.8		12.8		12.8		12.8		12.8

		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1		26.1



Expt

ORIG

REFERENCE

SLD BNDY

JIP311

eff X dim

JIP313

EXT METHANE

REFERENCE

Distance from ignition in X (in m)

Over pressure (in bar)

0.238

0.16

0.137

0.137

0.22

0.277

0.137

0.385

0.24

0.267

0.267

0.333

0.329

0.267

0.588

0.29

0.271

0.271

0.711

0.49

0.271

2.642

0.369

0.453

0.453

1.398

0.765

0.453

7.698

0.347

0.459

0.459

2.756

0.887

0.459

0.289

0.124

0.136

0.136

0.218

0.217

0.136

0.666

0.24

0.279

0.279

0.433

0.407

0.279

1.031

0.33

0.305

0.305

0.856

0.492

0.305

2.786

0.381

0.46

0.46

1.539

0.75

0.46

17.096

0.485

0.579

0.579

3.068

1.052

0.579

0.333

0.137

0.141

0.141

0.252

0.225

0.141

0.528

0.247

0.286

0.286

0.594

0.412

0.286

7.357

0.365

0.482

0.482

2.72

0.839

0.482

0.23

0.122

0.144

0.144

0.204

0.21

0.144

0.325

0.214

0.222

0.222

0.263

0.347

0.222

0.472

0.218

0.229

0.229

0.503

0.408

0.229

0.704

0.307

0.276

0.276

0.583

0.501

0.276

2.808

0.309

0.407

0.407

1.4

0.73

0.407

5.196

0.325

0.398

0.398

2.156

0.782

0.398

0.814

0.294

0.3

0.3

0.529

0.422

0.3

0.287

0.121

0.128

0.128

0.209

0.21

0.128

1.34

0.465

0.444

0.444

1.153

0.727

0.444

6.774

0.475

0.536

0.536

1.971

0.959

0.536

0.328

0.119

0.129

0.129

0.228

0.209

0.129

0.419

0.27

0.313

0.313

0.522

0.472

0.313

0.666

0.292

0.392

0.392

1.09

0.681

0.392

6.082

0.346

0.465

0.465

2.47

0.89

0.465

0.346

0.157

0.159

0.159

0.202

0.251

0.159

0.767

0.278

0.301

0.301

0.724

0.467

0.301

9.892

0.342

0.424

0.424

1.493

0.722

0.424

0.402

0.203

0.248

0.248

0.381

0.337

0.248

2.673

0.439

0.512

0.512

1.401

0.821

0.512

0.258

0.138

0.161

0.161

0.252

0.227

0.161

0.707

0.257

0.252

0.252

0.614

0.453

0.252

0.395

0.406

0.406

2.037

0.729

0.406



Phase 3 Series A Test 4

										EXPERIMENT		ORIG		EXT. CLD		REFERENCE		SLD BNDY		ENC W		ENC WNS		Ct100 Fs0.15		ALL METH				BLOW OUT 2kPa		REFINED		HEMI IGN		EXT METHANE		IGN x=2.3		Ct70 Fs0.1		Ct70 Fs0.5		Ct70 Fs1		Ct85 Fs0.15		Ct100 Fs0.1		Ct115 Fs0.15						variation from expts

		Gauge Pt		X dim.		Ydim		Zdim		Expt		JIP302		JIP304		JIP305		JIP306		JIP307		JIP308		JIP310		JIP311		eff X dim		JIP312		JIP313		JIP314		JIP315		JIP317		JIP318		JIP319		JIP320		JIP321		JIP322		JIP323						JIP302		JIP304		JIP305		JIP306		JIP307		JIP308		JIP310		JIP311		JIP312		JIP313		JIP314		JIP315		JIP317

		1		0.8		0.5		0		0.238		0.16		0.288		0.137		0.137		0.499		4.922		0.362				-1.5		0.164		0.22		0.124		0.277		0.24		0.146		0.154		0.177		0.242		0.341		0.444						67%		121%		58%		58%		210%		2068%		152%				69%		92%		52%		116%		101%

		2		6		0.5		0		0.385		0.24		0.312		0.267		0.267		0.637		4.77		0.513				3.7		0.305		0.333		0.206		0.329		0.289		0.274		0.276		0.287		0.411		0.497		0.711						62%		81%		69%		69%		165%		1239%		133%				79%		86%		54%		85%		75%

		3		12.5		0.5		0		0.588		0.29		0.342		0.271		0.271		0.917		4.17		1.037				10.2		0.348		0.711		0.201		0.49		0.422		0.272		0.291		0.343		0.601		0.992		1.481						49%		58%		46%		46%		156%		709%		176%				59%		121%		34%		83%		72%

		4		22		0.5		0		2.642		0.369		0.405		0.453		0.453		1.508		6.563		3.301				19.7		0.606		1.398		0.395		0.765		0.544		0.433		0.487		0.62		1.361		3.033		4.959						14%		15%		17%		17%		57%		248%		125%				23%		53%		15%		29%		21%

		5		27.5		0.5		0		7.698		0.347		0.373		0.459		0.459		1.809		6.563		3.802				25.2		0.708		2.756		0.376		0.887		0.638		0.437		0.512		0.726		1.848		3.736		4.908						5%		5%		6%		6%		23%		85%		49%				9%		36%		5%		12%		8%

		6		0.5		6		0		0.289		0.124		0.187		0.136		0.136		0.564		4.91		0.28				-1.8		0.154		0.218		0.104		0.217		0.234		0.133		0.14		0.159		0.199		0.275		0.402						43%		65%		47%		47%		195%		1699%		97%				53%		75%		36%		75%		81%

		7		9		6		0		0.666		0.24		0.328		0.279		0.279		0.756		4.519		0.655				6.7		0.321		0.433		0.226		0.407		0.409		0.271		0.295		0.34		0.469		0.639		0.929						36%		49%		42%		42%		114%		679%		98%				48%		65%		34%		61%		61%

		8		14		6		0		1.031		0.33		0.389		0.305		0.305		1.008		3.987		1.605				11.7		0.386		0.856		0.26		0.492		0.503		0.302		0.332		0.403		0.631		1.043		1.708						32%		38%		30%		30%		98%		387%		156%				37%		83%		25%		48%		49%

		9		21		6		0		2.786		0.381		0.441		0.46		0.46		1.569		4.235		2.697				18.7		0.616		1.539		0.398		0.75		0.609		0.443		0.485		0.627		1.228		2.677		4.451						14%		16%		17%		17%		56%		152%		97%				22%		55%		14%		27%		22%

		10		27.5		6		0		17.096		0.485		0.499		0.579		0.579		2.17		6.166		4.628				25.2		0.849		3.068		0.38		1.052		0.683		0.558		0.637		0.871		2.097		4.618		6.433						3%		3%		3%		3%		13%		36%		27%				5%		18%		2%		6%		4%

		11		0.5		11.5		0		0.333		0.137		0.203		0.141		0.141		0.539		4.879		0.288				-1.8		0.188		0.252		0.127		0.225		0.288		0.137		0.147		0.163		0.216		0.277		0.391						41%		61%		42%		42%		162%		1465%		86%				56%		76%		38%		68%		86%

		12		12.3		11.5		0		0.528		0.247		0.311		0.286		0.286		0.949		4.227		0.869				10		0.358		0.594		0.21		0.412		0.437		0.284		0.299		0.37		0.551		0.854		1.475						47%		59%		54%		54%		180%		801%		165%				68%		113%		40%		78%		83%

		13		27.5		11.5		0		7.357		0.365		0.387		0.482		0.482		1.736		7.148		3.862				25.2		0.679		2.72		0.334		0.839		0.598		0.469		0.521		0.697		1.632		3.804		5.391						5%		5%		7%		7%		24%		97%		52%				9%		37%		5%		11%		8%

		14		0.5		0.5		4		0.23		0.122		0.204		0.144		0.144		0.445		4.943		0.263				-1.8		0.17		0.204		0.106		0.21		0.267		0.146		0.151		0.158		0.206		0.26		0.363						53%		89%		63%		63%		193%		2149%		114%				74%		89%		46%		91%		116%

		15		4.5		0.6		4		0.325		0.214		0.294		0.222		0.222		0.65		4.831		0.498				2.2		0.244		0.263		0.167		0.347		0.317		0.228		0.221		0.25		0.359		0.47		0.621						66%		90%		68%		68%		200%		1486%		153%				75%		81%		51%		107%		98%

		16		11.2		0		5.5		0.472		0.218		0.26		0.229		0.229		0.753		4.397		0.802				8.9		0.278		0.503		0.171		0.408		0.33		0.228		0.242		0.286		0.443		0.791		1.297						46%		55%		49%		49%		160%		932%		170%				59%		107%		36%		86%		70%

		17		12		0.5		4		0.704		0.307		0.359		0.276		0.276		1.005		4.295		1.063				9.7		0.337		0.583		0.224		0.501		0.433		0.276		0.294		0.347		0.613		1.059		1.629						44%		51%		39%		39%		143%		610%		151%				48%		83%		32%		71%		62%

		18		22		0.5		4		2.808		0.309		0.35		0.407		0.407		1.539		6.102		3.43				19.7		0.559		1.4		0.373		0.73		0.55		0.383		0.444		0.576		1.345		3.408		5.06						11%		12%		14%		14%		55%		217%		122%				20%		50%		13%		26%		20%

		19		27.5		0.5		4		5.196		0.325		0.331		0.398		0.398		1.804		7.116		3.857				25.2		0.61		2.156		0.343		0.782		0.575		0.382		0.442		0.626		1.698		3.884		4.995						6%		6%		8%		8%		35%		137%		74%				12%		41%		7%		15%		11%

		20		10.2		4		4		0.814		0.294		0.38		0.3		0.3		0.929		4.457		0.808				7.9		0.351		0.529		0.24		0.422		0.47		0.298		0.31		0.371		0.531		0.804		1.214						36%		47%		37%		37%		114%		548%		99%				43%		65%		29%		52%		58%

		21		0.5		7		4		0.287		0.121		0.166		0.128		0.128		0.571		4.899		0.274				-1.8		0.149		0.209		0.1		0.21		0.228		0.127		0.134		0.152		0.193		0.272		0.367						42%		58%		45%		45%		199%		1707%		95%				52%		73%		35%		73%		79%

		22		18		8		4		1.34		0.465		0.551		0.444		0.444		1.511		3.897		1.836				15.7		0.563		1.153		0.329		0.727		0.639		0.438		0.469		0.572		1.029		1.83		2.914						35%		41%		33%		33%		113%		291%		137%				42%		86%		25%		54%		48%

		23		27.5		6		4		6.774		0.475		0.509		0.536		0.536		2.05		6.319		4.415				25.2		0.785		1.971		0.427		0.959		0.648		0.534		0.593		0.798		1.956		0.441		6.143						7%		8%		8%		8%		30%		93%		65%				12%		29%		6%		14%		10%

		24		0.5		11.5		4		0.328		0.119		0.182		0.129		0.129		0.512		4.856		0.265				-1.8		0.15		0.228		0.106		0.209		0.296		0.129		0.135		0.152		0.189		0.26		0.356						36%		55%		39%		39%		156%		1480%		81%				46%		70%		32%		64%		90%

		25		10		11.5		4		0.419		0.27		0.348		0.313		0.313		1.021		4.351		0.918				7.7		0.388		0.522		0.239		0.472		0.464		0.309		0.325		0.385		0.565		0.893		1.37						64%		83%		75%		75%		244%		1038%		219%				93%		125%		57%		113%		111%

		26		18		11.5		4		0.666		0.292		0.34		0.392		0.392		1.471		4.015		2.058				15.7		0.517		1.09		0.271		0.681		0.479		0.392		0.429		0.52		1.009		2.023		3.335						44%		51%		59%		59%		221%		603%		309%				78%		164%		41%		102%		72%

		27		27.5		11.5		4		6.082		0.346		0.388		0.465		0.465		1.959		6.902		4.1				25.2		0.696		2.47		0.356		0.89		0.535		0.436		0.508		0.71		1.882		4.036		5.623						6%		6%		8%		8%		32%		113%		67%				11%		41%		6%		15%		9%

		28		0.8		0.8		8		0.346		0.157		0.248		0.159		0.159		0.575		4.975		0.307				-1.5		0.176		0.202		0.115		0.251		0.235		0.157		0.17		0.184		0.234		0.307		0.428						45%		72%		46%		46%		166%		1438%		89%				51%		58%		33%		73%		68%

		29		13.9		1.7		8		0.767		0.278		0.316		0.301		0.301		0.936		4.222		1.31				11.6		0.363		0.724		0.186		0.467		0.36		0.277		0.316		0.367		0.613		1.276		2.192						36%		41%		39%		39%		122%		550%		171%				47%		94%		24%		61%		47%

		30		26.1		1.7		8		9.892		0.342		0.372		0.424		0.424		1.507		6.881		3.632				23.8		0.565		1.493		0.343		0.722		0.505		0.411		0.459		0.587		1.352		3.578		5.139						3%		4%		4%		4%		15%		70%		37%				6%		15%		3%		7%		5%

		31		5.9		5		8		0.402		0.203		0.268		0.248		0.248		0.678		4.735		0.526				3.6		0.268		0.381		0.162		0.337		0.317		0.245		0.255		0.278		0.339		0.528		0.801						50%		67%		62%		62%		169%		1178%		131%				67%		95%		40%		84%		79%

		32		18.9		5		8		2.673		0.439		0.495		0.512		0.512		1.68		3.992		2.433				16.6		0.654		1.401		0.365		0.821		0.637		0.506		0.532		0.667		1.314		2.358		4.025						16%		19%		19%		19%		63%		149%		91%				24%		52%		14%		31%		24%

		33		1.1		11.1		8		0.258		0.138		0.195		0.161		0.161		0.487		4.827		0.327				-1.2		0.168		0.252		0.125		0.227		0.307		0.16		0.161		0.175		0.226		0.321		0.451						53%		76%		62%		62%		189%		1871%		127%				65%		98%		48%		88%		119%

		34		12.8		11.2		8		0.707		0.257		0.312		0.252		0.252		0.906		4.153		0.978				10.5		0.312		0.614		0.187		0.453		0.357		0.253		0.267		0.326		0.511		1.045		1.837						36%		44%		36%		36%		128%		587%		138%				44%		87%		26%		64%		50%

		35		26.1		11.3		8				0.395		0.41		0.406		0.406		1.57		7.14		3.969				23.8		0.57		2.037		0.382		0.729		0.519		0.386		0.434		0.607		1.523		3.957		5.841

																																																								34%		46%		37%		37%		123%		792%		119%				44%		74%		28%		59%		56%

								17.096





Phase 3 Series A Test 4
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Phase 3 Series A Test 1
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Phase 3 Series A Test 3
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Ph 3, S A, T 4, 1.5ms R A
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alpha comparison

										expt		1.5ms RA		small dmn		ct100		REFINED

		Gauge Pt		X dim.		Ydim		Zdim		expt		1.5ms RA		JIP303		JIP316		JIP325				JIP303		JIP316		JIP325				JIP303		JIP316		JIP325

		1		0.8		0.5		0		1.079		0.831		0.748		1.874		1.992				69%		174%		185%				90%		226%		240%

		2		6		0.5		0		0.616		0.576		0.516		1.172		0.797				84%		190%		129%				90%		203%		138%

		3		12.5		0.5		0		0.658		0.636		0.464		0.926		0.669				71%		141%		102%				73%		146%		105%

		4		22		0.5		0		0.791		0.724		0.491		0.891		1.094				62%		113%		138%				68%		123%		151%

		5		27.5		0.5		0		1.383		1.132		0.794		1.32		1.441				57%		95%		104%				70%		117%		127%

		6		0.5		6		0		1.791		1.521		1.009		2.136		1.355				56%		119%		76%				66%		140%		89%

		7		9		6		0		0.691		0.632		0.576		1.093		0.832				83%		158%		120%				91%		173%		132%

		8		14		6		0		0.817		0.722		0.537		1.036		0.739				66%		127%		90%				74%		143%		102%

		9		21		6		0		0.895		0.752		0.61		1.076		0.908				68%		120%		101%				81%		143%		121%

		10		27.5		6		0		1.496		1.061		0.897		1.677		1.42				60%		112%		95%				85%		158%		134%

		11		0.5		11.5		0		1.559		1.469		0.846		2.474		1.711				54%		159%		110%				58%		168%		116%

		12		12.3		11.5		0		0.652		0.596		0.494		0.903		0.674				76%		138%		103%				83%		152%		113%

		13		27.5		11.5		0		2.519		1.772		0.916		1.95		1.518				36%		77%		60%				52%		110%		86%

		14		0.5		0.5		4		0.817		0.731		0.809		2.002		1.498				99%		245%		183%				111%		274%		205%

		15		4.5		0.6		4		0.659		0.585		0.682		1.437		0.889				103%		218%		135%				117%		246%		152%

		16		11.2		0		5.5		0.705		0.673		0.462		0.833		0.594				66%		118%		84%				69%		124%		88%

		17		12		0.5		4		0.571		0.539		0.439		0.884		0.641				77%		155%		112%				81%		164%		119%

		18		22		0.5		4		0.853		0.772		0.547		1.051		0.984				64%		123%		115%				71%		136%		127%

		19		27.5		0.5		4		1.725		1.128		0.748		1.408		1.557				43%		82%		90%				66%		125%		138%

		20		10.2		4		4		0.789		0.71		0.522		1.034		0.74				66%		131%		94%				74%		146%		104%

		21		0.5		7		4		1.111		1.023		1.027		2.637		1.688				92%		237%		152%				100%		258%		165%

		22		18		8		4		0.784		0.721		0.549		0.975		0.713				70%		124%		91%				76%		135%		99%

		23		27.5		6		4		1.913		1.574		0.979		2.127		1.657				51%		111%		87%				62%		135%		105%

		24		0.5		11.5		4		1.347		1.032		0.857		2.837		1.567				64%		211%		116%				83%		275%		152%

		25		10		11.5		4		0.571		0.494		0.712		1.225		0.864				125%		215%		151%				144%		248%		175%

		26		18		11.5		4		0.591		0.567		0.678		1.325		0.813				115%		224%		138%				120%		234%		143%

		27		27.5		11.5		4		2.229		1.599		0.864		2.455		1.887				39%		110%		85%				54%		154%		118%

		28		0.8		0.8		8		1.831		1.005		0.863		2.146		1.431				47%		117%		78%				86%		214%		142%

		29		13.9		1.7		8		0.803		0.663		0.484		0.896		0.686				60%		112%		85%				73%		135%		103%

		30		26.1		1.7		8		2.953		1.889		0.714		1.36		1.318				24%		46%		45%				38%		72%		70%

		31		5.9		5		8		0.986		0.835		0.82		1.853		1.291				83%		188%		131%				98%		222%		155%

		32		18.9		5		8		1.143		0.875		0.617		1.294		1.045				54%		113%		91%				71%		148%		119%

		33		1.1		11.1		8		1.182		1.087		0.875		2.985		1.637				74%		253%		138%				80%		275%		151%

		34		12.8		11.2		8		0.827		0.702		0.667		1.254		0.921				81%		152%		111%				95%		179%		131%

		35		16.1		11.3		8		2.555		1.748		0.881		2.296		1.498				34%		90%		59%				50%		131%		86%

																						68%		146%		108%				80%		172%		129%





alpha comparison
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small dmn

ct100

REFINED

W-E Distance (m)

Over Pressure (bar)

Jip Phase 3, Series A, Test 1
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HSE Runs
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expt

1.5ms RA

REFINED

W-E Distance (m)

Over Pressure (bar)

Jip Phase 3, Series A, Test 1
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		Gauge Pt		X dim.		Ydim		Zdim		expt		JIP309						jip309

		1		0.8		0.5		0		1.085		0.502						46%

		2		6		0.5		0		0.601		0.384						64%

		3		12.5		0.5		0		0.705		0.425						60%

		4		22		0.5		0		3.429		0.693						20%

		5		27.5		0.5		0				0.766

		6		0.5		6		0		0.382		0.402						105%

		7		9		6		0		0.456		0.338						74%

		8		14		6		0		0.616		0.357						58%

		9		21		6		0		1.455		0.456						31%

		10		27.5		6		0		4.725		0.788						17%

		11		0.5		11.5		0		0.281		0.227						81%

		12		12.3		11.5		0		0.512		0.267						52%

		13		27.5		11.5		0		2.269		0.676						30%

		14		0.5		0.5		4		0.67		0.51						76%

		15		4.5		0.6		4		0.587		0.493						84%

		16		11.2		0		5.5		0.555		0.443						80%

		17		12		0.5		4		0.651		0.486						75%

		18		22		0.5		4		2.624		0.709						27%

		19		27.5		0.5		4		5.167		0.68						13%

		20		10.2		4		4		0.505		0.358						71%

		21		0.5		7		4		0.29		0.426						147%

		22		18		8		4		0.888		0.379						43%

		23		27.5		6		4		3.609		0.745						21%

		24		0.5		11.5		4		0.226		0.224						99%

		25		10		11.5		4		0.351		0.244						70%

		26		18		11.5		4		0.526		0.282						54%

		27		27.5		11.5		4		3.697		0.663						18%

		28		0.8		0.8		8		0.578		0.488						84%

		29		13.9		1.7		8		0.948		0.564						59%

		30		26.1		1.7		8		4.896		0.676						14%

		31		5.9		5		8		0.589		0.461						78%

		32		18.9		5		8		1.161		0.569						49%

		33		1.1		11.1		8		0.305		0.271						89%

		34		12.8		11.2		8		0.787		0.258						33%

		35		16.1		11.3		8		3.892		0.526						14%





										1.5ms RA		ORIG		EXT. CLD		REFERENCE		SLD BNDY		ENC W		ENC WNS		Ct100 Fs0.15		ALL METH				BLOW OUT 2kPa		REFINED		HEMI IGN		EXT METHANE		IGN x=2.3		Ct70 Fs0.1		Ct70 Fs0.5		Ct70 Fs1		Ct85 Fs0.15		Ct100 Fs0.1		Ct115 Fs0.15						variation from expts						SLD BNDY		ENC W		ENC WNS		Ct100 Fs0.15		ALL METH		BLOW OUT 2kPa		REFINED		HEMI IGN		EXT METHANE		IGN x=2.3		Ct70 Fs0.1		Ct70 Fs0.5		Ct70 Fs1		Ct85 Fs0.15		Ct100 Fs0.1		Ct115 Fs0.15

		Gauge Pt		X dim.		Ydim		Zdim		1.5ms RA		JIP302		JIP304		JIP305		JIP306		JIP307		JIP308		JIP310		JIP311		eff X dim		JIP312		JIP313		JIP314		JIP315		JIP317		JIP318		JIP319		JIP320		JIP321		JIP322		JIP323						JIP302		JIP304		JIP305		JIP306		JIP307		JIP308		JIP310		JIP311		JIP312		JIP313		JIP314		JIP315		JIP317		JIP318		JIP319		JIP320		JIP321		JIP322		JIP323

		1		0.8		0.5		0		0.205		0.16		0.288		0.137		0.137		0.499		4.922		0.362				-1.5		0.164		0.22		0.124		0.277		0.24		0.146		0.154		0.177		0.242		0.341		0.444						78%		140%		67%		67%		243%		2401%		177%				80%		107%		60%		135%		117%		71%		75%		86%		118%		166%		217%

		2		6		0.5		0		0.213		0.24		0.312		0.267		0.267		0.637		4.77		0.513				3.7		0.305		0.333		0.206		0.329		0.289		0.274		0.276		0.287		0.411		0.497		0.711						113%		146%		125%		125%		299%		2239%		241%				143%		156%		97%		154%		136%		129%		130%		135%		193%		233%		334%

		3		12.5		0.5		0		0.436		0.29		0.342		0.271		0.271		0.917		4.17		1.037				10.2		0.348		0.711		0.201		0.49		0.422		0.272		0.291		0.343		0.601		0.992		1.481						67%		78%		62%		62%		210%		956%		238%				80%		163%		46%		112%		97%		62%		67%		79%		138%		228%		340%

		4		22		0.5		0		1.758		0.369		0.405		0.453		0.453		1.508		6.563		3.301				19.7		0.606		1.398		0.395		0.765		0.544		0.433		0.487		0.62		1.361		3.033		4.959						21%		23%		26%		26%		86%		373%		188%				34%		80%		22%		44%		31%		25%		28%		35%		77%		173%		282%

		5		27.5		0.5		0		5.248		0.347		0.373		0.459		0.459		1.809		6.563		3.802				25.2		0.708		2.756		0.376		0.887		0.638		0.437		0.512		0.726		1.848		3.736		4.908						7%		7%		9%		9%		34%		125%		72%				13%		53%		7%		17%		12%		8%		10%		14%		35%		71%		94%

		6		0.5		6		0		0.225		0.124		0.187		0.136		0.136		0.564		4.91		0.28				-1.8		0.154		0.218		0.104		0.217		0.234		0.133		0.14		0.159		0.199		0.275		0.402						55%		83%		60%		60%		251%		2182%		124%				68%		97%		46%		96%		104%		59%		62%		71%		88%		122%		179%

		7		9		6		0		0.509		0.24		0.328		0.279		0.279		0.756		4.519		0.655				6.7		0.321		0.433		0.226		0.407		0.409		0.271		0.295		0.34		0.469		0.639		0.929						47%		64%		55%		55%		149%		888%		129%				63%		85%		44%		80%		80%		53%		58%		67%		92%		126%		183%

		8		14		6		0		0.648		0.33		0.389		0.305		0.305		1.008		3.987		1.605				11.7		0.386		0.856		0.26		0.492		0.503		0.302		0.332		0.403		0.631		1.043		1.708						51%		60%		47%		47%		156%		615%		248%				60%		132%		40%		76%		78%		47%		51%		62%		97%		161%		264%

		9		21		6		0		1.937		0.381		0.441		0.46		0.46		1.569		4.235		2.697				18.7		0.616		1.539		0.398		0.75		0.609		0.443		0.485		0.627		1.228		2.677		4.451						20%		23%		24%		24%		81%		219%		139%				32%		79%		21%		39%		31%		23%		25%		32%		63%		138%		230%

		10		27.5		6		0		7.171		0.485		0.499		0.579		0.579		2.17		6.166		4.628				25.2		0.849		3.068		0.38		1.052		0.683		0.558		0.637		0.871		2.097		4.618		6.433						7%		7%		8%		8%		30%		86%		65%				12%		43%		5%		15%		10%		8%		9%		12%		29%		64%		90%

		11		0.5		11.5		0		0.282		0.137		0.203		0.141		0.141		0.539		4.879		0.288				-1.8		0.188		0.252		0.127		0.225		0.288		0.137		0.147		0.163		0.216		0.277		0.391						49%		72%		50%		50%		191%		1730%		102%				67%		89%		45%		80%		102%		49%		52%		58%		77%		98%		139%

		12		12.3		11.5		0		0.512		0.247		0.311		0.286		0.286		0.949		4.227		0.869				10		0.358		0.594		0.21		0.412		0.437		0.284		0.299		0.37		0.551		0.854		1.475						48%		61%		56%		56%		185%		826%		170%				70%		116%		41%		80%		85%		55%		58%		72%		108%		167%		288%

		13		27.5		11.5		0		3.678		0.365		0.387		0.482		0.482		1.736		7.148		3.862				25.2		0.679		2.72		0.334		0.839		0.598		0.469		0.521		0.697		1.632		3.804		5.391						10%		11%		13%		13%		47%		194%		105%				18%		74%		9%		23%		16%		13%		14%		19%		44%		103%		147%

		14		0.5		0.5		4		0.188		0.122		0.204		0.144		0.144		0.445		4.943		0.263				-1.8		0.17		0.204		0.106		0.21		0.267		0.146		0.151		0.158		0.206		0.26		0.363						65%		109%		77%		77%		237%		2629%		140%				90%		109%		56%		112%		142%		78%		80%		84%		110%		138%		193%

		15		4.5		0.6		4		0.235		0.214		0.294		0.222		0.222		0.65		4.831		0.498				2.2		0.244		0.263		0.167		0.347		0.317		0.228		0.221		0.25		0.359		0.47		0.621						91%		125%		94%		94%		277%		2056%		212%				104%		112%		71%		148%		135%		97%		94%		106%		153%		200%		264%

		16		11.2		0		5.5		0.396		0.218		0.26		0.229		0.229		0.753		4.397		0.802				8.9		0.278		0.503		0.171		0.408		0.33		0.228		0.242		0.286		0.443		0.791		1.297						55%		66%		58%		58%		190%		1110%		203%				70%		127%		43%		103%		83%		58%		61%		72%		112%		200%		328%

		17		12		0.5		4		0.453		0.307		0.359		0.276		0.276		1.005		4.295		1.063				9.7		0.337		0.583		0.224		0.501		0.433		0.276		0.294		0.347		0.613		1.059		1.629						68%		79%		61%		61%		222%		948%		235%				74%		129%		49%		111%		96%		61%		65%		77%		135%		234%		360%

		18		22		0.5		4		1.603		0.309		0.35		0.407		0.407		1.539		6.102		3.43				19.7		0.559		1.4		0.373		0.73		0.55		0.383		0.444		0.576		1.345		3.408		5.06						19%		22%		25%		25%		96%		381%		214%				35%		87%		23%		46%		34%		24%		28%		36%		84%		213%		316%

		19		27.5		0.5		4		3.54		0.325		0.331		0.398		0.398		1.804		7.116		3.857				25.2		0.61		2.156		0.343		0.782		0.575		0.382		0.442		0.626		1.698		3.884		4.995						9%		9%		11%		11%		51%		201%		109%				17%		61%		10%		22%		16%		11%		12%		18%		48%		110%		141%

		20		10.2		4		4		0.338		0.294		0.38		0.3		0.3		0.929		4.457		0.808				7.9		0.351		0.529		0.24		0.422		0.47		0.298		0.31		0.371		0.531		0.804		1.214						87%		112%		89%		89%		275%		1319%		239%				104%		157%		71%		125%		139%		88%		92%		110%		157%		238%		359%

		21		0.5		7		4		0.211		0.121		0.166		0.128		0.128		0.571		4.899		0.274				-1.8		0.149		0.209		0.1		0.21		0.228		0.127		0.134		0.152		0.193		0.272		0.367						57%		79%		61%		61%		271%		2322%		130%				71%		99%		47%		100%		108%		60%		64%		72%		91%		129%		174%

		22		18		8		4		0.833		0.465		0.551		0.444		0.444		1.511		3.897		1.836				15.7		0.563		1.153		0.329		0.727		0.639		0.438		0.469		0.572		1.029		1.83		2.914						56%		66%		53%		53%		181%		468%		220%				68%		138%		39%		87%		77%		53%		56%		69%		124%		220%		350%

		23		27.5		6		4		3.648		0.475		0.509		0.536		0.536		2.05		6.319		4.415				25.2		0.785		1.971		0.427		0.959		0.648		0.534		0.593		0.798		1.956		4.406		6.143						13%		14%		15%		15%		56%		173%		121%				22%		54%		12%		26%		18%		15%		16%		22%		54%		121%		168%

		24		0.5		11.5		4		0.213		0.119		0.182		0.129		0.129		0.512		4.856		0.265				-1.8		0.15		0.228		0.106		0.209		0.296		0.129		0.135		0.152		0.189		0.26		0.356						56%		85%		61%		61%		240%		2280%		124%				70%		107%		50%		98%		139%		61%		63%		71%		89%		122%		167%

		25		10		11.5		4		0.232		0.27		0.348		0.313		0.313		1.021		4.351		0.918				7.7		0.388		0.522		0.239		0.472		0.464		0.309		0.325		0.385		0.565		0.893		1.37						116%		150%		135%		135%		440%		1875%		396%				167%		225%		103%		203%		200%		133%		140%		166%		244%		385%		591%

		26		18		11.5		4		0.425		0.292		0.34		0.392		0.392		1.471		4.015		2.058				15.7		0.517		1.09		0.271		0.681		0.479		0.392		0.429		0.52		1.009		2.023		3.335						69%		80%		92%		92%		346%		945%		484%				122%		256%		64%		160%		113%		92%		101%		122%		237%		476%		785%

		27		27.5		11.5		4		4.043		0.346		0.388		0.465		0.465		1.959		6.902		4.1				25.2		0.696		2.47		0.356		0.89		0.535		0.436		0.508		0.71		1.882		4.036		5.623						9%		10%		12%		12%		48%		171%		101%				17%		61%		9%		22%		13%		11%		13%		18%		47%		100%		139%

		28		0.8		0.8		8		0.209		0.157		0.248		0.159		0.159		0.575		4.975		0.307				-1.5		0.176		0.202		0.115		0.251		0.235		0.157		0.17		0.184		0.234		0.307		0.428						75%		119%		76%		76%		275%		2380%		147%				84%		97%		55%		120%		112%		75%		81%		88%		112%		147%		205%

		29		13.9		1.7		8		0.717		0.278		0.316		0.301		0.301		0.936		4.222		1.31				11.6		0.363		0.724		0.186		0.467		0.36		0.277		0.316		0.367		0.613		1.276		2.192						39%		44%		42%		42%		131%		589%		183%				51%		101%		26%		65%		50%		39%		44%		51%		85%		178%		306%

		30		26.1		1.7		8		3.425		0.342		0.372		0.424		0.424		1.507		6.881		3.632				23.8		0.565		1.493		0.343		0.722		0.505		0.411		0.459		0.587		1.352		3.578		5.139						10%		11%		12%		12%		44%		201%		106%				16%		44%		10%		21%		15%		12%		13%		17%		39%		104%		150%

		31		5.9		5		8		0.277		0.203		0.268		0.248		0.248		0.678		4.735		0.526				3.6		0.268		0.381		0.162		0.337		0.317		0.245		0.255		0.278		0.339		0.528		0.801						73%		97%		90%		90%		245%		1709%		190%				97%		138%		58%		122%		114%		88%		92%		100%		122%		191%		289%

		32		18.9		5		8		1.439		0.439		0.495		0.512		0.512		1.68		3.992		2.433				16.6		0.654		1.401		0.365		0.821		0.637		0.506		0.532		0.667		1.314		2.358		4.025						31%		34%		36%		36%		117%		277%		169%				45%		97%		25%		57%		44%		35%		37%		46%		91%		164%		280%

		33		1.1		11.1		8		0.152		0.138		0.195		0.161		0.161		0.487		4.827		0.327				-1.2		0.168		0.252		0.125		0.227		0.307		0.16		0.161		0.175		0.226		0.321		0.451						91%		128%		106%		106%		320%		3176%		215%				111%		166%		82%		149%		202%		105%		106%		115%		149%		211%		297%

		34		12.8		11.2		8		0.326		0.257		0.312		0.252		0.252		0.906		4.153		0.978				10.5		0.312		0.614		0.187		0.453		0.357		0.253		0.267		0.326		0.511		1.045		1.837						79%		96%		77%		77%		278%		1274%		300%				96%		188%		57%		139%		110%		78%		82%		100%		157%		321%		563%

		35		26.1		11.3		8				0.395		0.41		0.406		0.406		1.57		7.14		3.969				23.8		0.57		2.037		0.382		0.729		0.519		0.386		0.434		0.607		1.523		3.957		5.841

																																																								51%		68%		55%		55%		185%		1156%		183%				67%		113%		43%		88%		84%		55%		58%		68%		106%		178%		271%
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1.5ms RA
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Ct70 Fs0.1
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Distance (m)
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1.5ms RA
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Ct100 Fs0.15

Ct85 Fs0.15

Ct115 Fs0.15

Distance (m)

Over pressure (bar)
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1.5ms RA

Ct100 Fs0.15

Ct100 Fs0.1

Distance (m)

Over pressure (bar)
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1.5ms RA
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		REFINED		ALPHA

		JIP313		JIP313		DIFF.

		0.22		0.219		100%

		0.333		0.334		100%

		0.711		0.714		100%

		1.398		1.38		99%

		2.756		2.79		101%

		0.218		0.22		101%

		0.433		0.437		101%

		0.856		0.856		100%

		1.539		1.519		99%

		3.068		3.078		100%

		0.252		0.25		99%

		0.594		0.592		100%

		2.72		2.71		100%

		0.204		0.206		101%

		0.263		0.266		101%

		0.503		0.5		99%

		0.583		0.59		101%

		1.4		1.373		98%

		2.156		2.164		100%

		0.529		0.535		101%

		0.209		0.208		100%

		1.153		1.178		102%

		1.971		1.985		101%

		0.228		0.227		100%

		0.522		0.526		101%

		1.09		1.136		104%

		2.47		2.425		98%

		0.202		0.204		101%

		0.724		0.751		104%

		1.493		1.51		101%

		0.381		0.38		100%

		1.401		1.377		98%

		0.252		0.254		101%

		0.614		0.613		100%

		2.037		2.015		99%





		

		Ident

		Pressure (mBar)								979		974		980		940		1020		980		980		980		980		980		980		980

		Concentration								1.08		1.09		1.07		1.07		1.07		1		1.14		1.07		1.07		1.07		1.07		1.07

		Temperature (K)								285.7		281.6		280		280		280		280		280		273		287		280		280		280																								Normalised by Test 19

		Blow out panel press								-				Ref.		S1		S2		S3		S4		S5		S6		S7		S7		S8

										1.5ms RA		1.5ms RA				Low P		High P		Low Conc		High Conc		Low T		High T				2KPa Panel		5KPa Panel																								variation from expts						High P		Low Conc		High Conc		Low T		High T		2KPa Panel		5KPa Panel

		Gauge Pt		X dim.		Ydim		Zdim		TEST19		TEST22		Reference		Low Press.		High Press.		Low Conc.		High Conc.		Low Temp		High Temp				2kPa Panel		5kPa Panel																								TEST22		Reference		Low Press.		High Press.		Low Conc.		High Conc.		Low Temp		High Temp		2kPa Panel		5kPa Panel

		1		0.8		0.5		0		154		152		171		169		179		221		125		187		161		114		114		401																						1		99%		111%		99%		104%		129%		73%		109%		94%		67%		234%

		2		6		0.5		0		215		166		255		231		260		297		171		294		237		195		195		1856																						2		77%		119%		90%		102%		116%		67%		115%		93%		76%		727%

		3		12.5		0.5		0		411		465		290		274		299		429		202		326		255		369		369		2620																						3		113%		71%		94%		103%		148%		70%		112%		88%		127%		903%

		4		22		0.5		0		1109		1144		518		492		553		784		290		626		371		1745		1745		3343																						4		103%		47%		95%		107%		151%		56%		121%		72%		337%		645%

		5		27.5		0.5		0		2587		3178		768		739		816		1406		346		966		509		2790		2790		4497																						5		123%		30%		96%		106%		183%		45%		126%		66%		363%		586%

		6		0.5		6		0		176		167		141		134		147		182		105		153		134		114		114		263																						6		95%		80%		95%		104%		129%		74%		108%		95%		81%		186%

		7		9		6		0		329		486		236		228		248		317		172		265		226		220		220		969																						7		148%		72%		97%		105%		134%		73%		112%		96%		93%		411%

		8		14		6		0		449		368		341		324		355		518		203		400		319		449		449		1398																						8		82%		76%		95%		104%		152%		59%		117%		94%		132%		410%

		9		21		6		0		1279		1621		561		538		609		1073		305		701		465		1171		1171		1821																						9		127%		44%		96%		109%		191%		54%		125%		83%		209%		324%

		10		27.5		6		0		4311		4704		813		762		859		1754		409		1054		543		2871		2871		2319																						10		109%		19%		94%		106%		216%		50%		130%		67%		353%		285%

		11		0.5		11.5		0		186		164		162		156		168		224		122		182		155		125		125		255																						11		88%		87%		97%		104%		139%		76%		113%		96%		77%		158%

		12		12.3		11.5		0		263		358		288		275		298		433		181		317		256		357		357		1201																						12		136%		109%		95%		103%		150%		63%		110%		89%		124%		417%

		13		27.5		11.5		0		1749		2881		529		488		554		942		273		678		374		2627		2627		3004																						13		165%		30%		92%		105%		178%		52%		128%		71%		496%		568%

		14		0.5		0.5		4		173		172		130		125		135		170		112		143		123		112		112		305																						14		99%		75%		96%		104%		131%		87%		111%		95%		86%		235%

		15		4.5		0.6		4		181		166		251		237		258		320		204		272		237		135		135		964																						15		92%		139%		95%		103%		128%		81%		108%		95%		54%		384%

		16		12		0		5.5		226		314		271		264		286		389		169		303		249		298		298		1452																						16		139%		120%		98%		106%		144%		63%		112%		92%		110%		537%

		17		12		0.5		4		224		283		269		252		273		460		179		311		235		249		249		1843																						17		126%		120%		94%		102%		171%		67%		116%		87%		93%		686%

		18		22		0.5		4		1077		876		561		505		566		902		341		683		441		1203		1203		1897																						18		81%		52%		90%		101%		161%		61%		122%		79%		214%		338%

		19		27.5		0.5		4		1643		1462		699		686		749		1154		351		950		493		1960		1960		2678																						19		89%		43%		98%		107%		165%		50%		136%		70%		280%		383%

		20		10.2		4		4		199		209		328		325		342		452		239		379		309		207		207		966																						20		105%		165%		99%		105%		138%		73%		116%		94%		63%		295%

		21		0.5		7		4		162		185		134		128		139		174		102		146		126		113		113		252																						21		114%		83%		96%		104%		130%		76%		109%		94%		84%		188%

		22		18		8		4		333		437		547		499		562		783		330		600		485		602		602		1323																						22		131%		164%		91%		103%		143%		60%		110%		89%		110%		242%

		23		27.5		6		4		2044		2074		695		651		724		1212		398		833		507		1340		1340		1699																						23		101%		34%		94%		104%		174%		57%		120%		73%		193%		245%

		24		0.5		11.5		4		157		181		134		125		138		168		122		144		125		118		118		249																						24		115%		86%		93%		103%		125%		91%		107%		93%		88%		185%

		25		10		11.5		4		186		177		281		270		293		386		183		298		245		310		310		660																						25		95%		151%		96%		104%		138%		65%		106%		87%		110%		235%

		26		18		11.5		4		380		340		466		429		480		658		279		572		394		852		852		1318																						26		89%		123%		92%		103%		141%		60%		123%		84%		183%		283%

		27		27.5		11.5		4		2701		2730		622		581		644		1025		321		728		463		1671		1671		1489																						27		101%		23%		93%		103%		165%		52%		117%		74%		268%		239%

		28		0.8		0.8		8		185		218		166		157		171		215		122		190		154		120		120		297																						28		118%		90%		95%		103%		130%		74%		114%		93%		72%		179%

		29		13.9		1.7		8		289		361		326		290		347		480		242		396		272		538		538		2297																						29		125%		113%		89%		106%		147%		74%		122%		83%		165%		706%

		30		26.1		1.7		8		1347		1411		732		705		770		1153		338		815		512		1508		1508		1497																						30		105%		54%		96%		105%		158%		46%		111%		70%		206%		204%

		31		6.9		3.3		8		169		176		216		206		224		290		153		238		209		150		150		969																						31		104%		128%		96%		104%		135%		71%		110%		97%		70%		450%

		32		19.2		8.7		8		740		997		470		448		489		741		278		545		402		717		717		2218																						32		135%		64%		95%		104%		158%		59%		116%		85%		152%		472%

		33		1.1		11.1		8		166		152		167		158		173		219		128		174		157		129		129		420																						33		92%		101%		95%		104%		131%		77%		104%		94%		77%		251%

		34		12.8		11.2		8		256		276		273		264		285		415		149		305		248		351		351		1285																						34		12.8		11.2		97%		104%		152%		55%		112%		91%		128%		470%

		35		26.1		11.3		8		2206		3464		608		573		631		1002		275		737		478		1562		1562		1510																						35		26.1		11.3		94%		104%		165%		45%		121%		78%		257%		248%

		36												314		287		328		469		178		343		276		331		331		837																						36		0		0		91%		104%		149%		57%		109%		88%		105%		267%

		37												337		303		339		502		183		368		291		338		338		837																						37		0		0		90%		101%		149%		54%		109%		87%		100%		249%

		38												388		370		397		513		230		420		349		305		305		836																						38		0		0		95%		102%		132%		59%		108%		90%		79%		216%

		39												362		347		393		538		258		399		341		282		282		859																						39		0		0		96%		109%		149%		71%		110%		94%		78%		238%
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